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PREFACE 

Thb present work is the result of studies bearing on the chronology of the 
last miflion years, carried out at the Institute of Archaeology in the Uni- 
versity of London. It embodies the subject-matter of several courses of 
lectures, though the material has been re-arranged and the evidence greatly 
elaborated. After an initial attempt to cope in a single publication with 
both the evidence for the time-scales and their significance for arehseology, 
anthropology and problems of evolution, it was found necessary to divorce 
the geological evidence from its archaeological implications in order to make 
it quite clear that the chronology of the Pieisto<^ne is not the hybrid product 
of geological and archaeological considerations, but a system that stands or 
falls by itself^ For this reason, however, the chronology of the Pleistocene, 
and the enormoiis amount of information concemiog environment which 
is connected with it, gains in applicability. It becomes a kind of calendar 
which can be used in the dating of fossils, both animal and human, and of 
prehistoric industries, as well as the natural background for the history of 
life in the past. The present book, therefore, does not contain references 
to archseologicai aspects of the matter — ^these have been treated in a 
separate publication (Dating the Past, Methuen, London, 1945) — but is 
entirely concelned with the evidence for the relative and absolute chronology 
of the Pleistocene, for the various types of environment existing at certain 
times in certain areas, and with the evolution of the fauna found in deposits 
of known age. Thus, it forms the essential basis for the conclusions arrived 
at in the second publication, Dating the Past, 

This book owes its final form to so many hands that I could not call it 
mine without acknowledging my debt to ail those friends, colleagues and 
institutions whose help and advice I have enjoyed, though their number is 
too great to name them all. My special gratitude is due to those who have 
taken the trouble to read the entire manuscript; first and foremost to Mr. 
Day Kimball, with whom the entire matter has been discussed, and to whose 
superior logical powers I owe a great deal. Professor P. G. H, Boswell and 
Dr. W. T. Caiman also had the kindness to read the complete manuscript 
and to suggest numerous improvements. Some chapters were read by Miss 
D. M. A. Bate and by Mr. D. L. Edwards, Director of the Norman Loekyer 
Observatory. The kindly and helpful criticism which I have received from 
these scholars has been of great benefit, and I wish to express my deep 
gratitude to all of them. 

I further wish to acknowledge my mdebtedness to the Trustees of the 
Leverhulme Studentship of the London Museum, under whose auspices part 
of the research has been carried out, to the Department of Geology of the 
British Museum* (Natural History) for hospitality in difficult tim^, and to 
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the Council of the Ray Society for undertaking the pubhoation. Ihe 
London University Institute of Archaeology enabled me tojotudy^sections 
in Italv and France in 1937, and I derived great benefit from investigationa 
carried out in the Channel Islands on the invitation of the Society Jersiaise 
in 1938. Observations made in Silesia, Poland and Czeehoslova,faa ui 1932, 
when travelling with a grant from the Freiburger Wissensch^thche Gesell- 
schaft have been incorporated also. Permission to use published dlustra- 
tions was kindly given by the Councils of the Geological Society of London, 
the Geologists’ Association and the Royal Anthropological Institute. 

It is further a pleasure to tender my cordial thanks to those friends who 
have conducted me on many excursions, more especially to Drs R. R. 
Marett and A. E. Mourant, and Pke C. Burdo in Jersey, Professor H. Breuil 
and ]!^Ir. Harper Kelley in France, Professors G. A. and A. C. Blanc in Italy, 
Dt E. Scherf in Hungary, and to Professors B. Zaborski and L. Knopp in 
Poland. Professor L. S, Davidaschvili in Moscow most kindly sent me 
important Russian papers and serial publications. 

Finally, I should emphasize that a great many other helpers have, directly 
or indirectly, conlributed towards the completion and shaping of this book. 
I am well aware that a work of this kind is, and cannot he but, the outcome 
of continued discussion of material and problems with expert friends, and 
to them as well as those named above I owe much of what is valuable in 
this book though, of course, I am alone responsible for the views expressed. 

Department of Geochronology, 

London University Institute Cf Archaeology, 

Inner 0rcle, Regents Park, 

London, W.C. 1. 

December, 1944. 
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INTRODUCTION 


One of the neglected spheres of biological research is the history of the 
Recent fanna. Although there is plenty of provision for the study of 
the existing types of life in zoology, and for the study of extinct forms of the 
Tertiary and earlier periods in palaeontology, the fauna of the Quaternary 
(i,e. the Pleistocene or Ice-Age and the Holocene or Postglacial) has attracted 
relatively few workers. This is in part due to the fact that, the remains 
often being poorly preserved, this fauna offers little attraction to the 
zoologist ; on the other hand, most of the species being still living, the 
palaeontologist is apt to despise them. 

Yet it is from this Quaternary fauna that our Recent fauna has evolved, 
and this alone should be sufficient justification for the study of the most 
immediate ancestors of the Recent species. The differences detected may 
be small ; they rarely exceed quantitatively the differences found to distin- 
guish Recent species from each other. But this precisely offers an oppor- 
tunity of studying changes of specific characters. I am convinced that a 
thorough investigation of the Pleistocene fauna will, in the long run, provide 
most valuable information concerning the evolution of new species. 

Any such investigation, however, requires a background of historical 
data of three kinds, namely (a) environmental, (6) geographical, and (c) 
chronological. The natural changes in the environment of a Recent species 
are so slow that this environment can be regarded as stable. This is not 
so if a longer space of time, such as the Quaternary, is considered, and it is 
neces^ry to investigate the nature of environments and their climates, 
which existed at successive times in various places. Furthermore, the 
distribution of land and sea; which may be regarded as constant for the 
purpose of studying the living fauna, is the result of manifold changes in 
the course of longer periods of time, so that it is necessary to obtain infor- 
mation about geographical changes, such as the outlines of coasts, the 
height of the sea-level at certain times, changes of altitude, and so on. 

The environmental and geographical data provide a sequence of events 
which is used to assign to the fossils found in the deposits a relative- age. 
It is essential to have a system of relative chronology if it is intended to 
study changes in the course of time. Though the time cannot often be 
assessed in years, it is most important to know which form of life is the 
older and which the younger. The numerous fluctuations of the climate in 
the course of the Quaternary afford an admirable framework for such a relative 
time-scale, which is indispensable if the history of species is to be investi- 
gated, The well-known palaeontological method of dating strata by the 
fossils contained in them breaks down almost entirely in the Quaternary, 
since the total duration of this period was too short to result in the extinction 
or appearance o^ many well-characterized species. 

Moreover, local survival pia^T-s an important part in the Quaternary. 
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If one adopted, for imtmwi. Hippopotamus amphibius as a guide fossil, one 
might consider as contemporaneous a fauna of the First Interglacial of the 
Rhine Talley, a fama of the Third Interglacial of the Thames Valley, a 
prehistoric fauaa from the Nile Valley, and the Recent fauna of the Sudan. 
Clearly, then, the relative time-scale required for the ^tudy of the faima 
has to^ be worked out on geological evidence only, taking into consideration 
fluctuations of climate and changes of a geographical character. 

Finally, the question arises whether the relative time-scale established in 
„ this way can be made more useful by its interpretation in terms of absolute 
time. Even if such absolute time-scale be tentative and vague, it is bound 
to provide some concrete notion of the time required in the evolution of 
species. Two methods of measuring absolute time within the Quaternary 
have been developed and their results are consistent with one another. 

The present book is chiefly concerned with providing the historical 
background for the evolution of the modern fauna, including man. It gives 
the evidence for climatic changes which took place in the course of the 
recent past, discusses the types of environment that existed at various 
times and places, and attempts to reconstruct the climatic zonation of 
Europe during the glacial phases. The strati^aphical evidence is used in 
building up a relative chronology, and a discussion of the absolute chronology 
which can be used in supplementing the relative one completes the 
calendar into which the faunal history has to be fitted. 

Numerous references to the fauna will be found throughout the book, 
though these are chiefly confined to mammals and mollusca, the only two 
groups of the Quaternary fauna which have been investigated to some 
extent. In Chapter X, a number of faunal lists, both from the British 
Isles and from the Continent, are given in chronological order. They will 
provide sofiae idea of the faunal changes and of the disappearance and 
appearance of species, subspecies and environmental types in the course 
of the last million years. 

It is hoped that the material contained in this book may convince some 
workers of the urgency of historical research on the evolution of the modern 
fauna and may encourage them to take up this promising line. 


CHAPTER I 

SOME PRINCIPLES OP PLEISTOCENE STRATIGRAPHY 

A. INTRODUCTION. 

Priority of Geologicai^ Datinig. — ^The Pleistocene, being a short, and 
very recent geological period, sufiers to a great extent from a lack of fossils 
suitable as chronological guides. In the earlier periods, fossils supply most 
valuable evidence of the relative ages of strata, and deposits containing a 
similar fauna in geographically separated districts can be regarded as 
approximately of the same age. In the Pleistocene, however, this pateon- 
tological method of dating meets with a very limited success, and it is not 
surprising that the ardent deske of finding some chronological guide has 
induced some workers to use the various Palaeolithic industries as such. 
In other words, instead of determining the ages of the various phases of 
human evolution relative to the geological chronology, and establishing at 
which moment of the relative time-scale certain changes in the industrial 
and physical evolution of man took place, the practice was adopted of 
assuming that the sequence of human industries was well enough known 
td be used for the dating of geological deposits. The result of this reversal 
was a regrettable muddle which is being overcome only ^adually. 

In order to rule out any chance of applying archaeological conceptions iii 
the establishment of a Pleistocene chronology, no reference is made in the 
present book to the archaeological contents of the deposits, except inciden- 
tally. This, in fact, is the only reliable way of obtaining a clear picture of 
the climatic phases of the Pleistocene and of their sequence. Moreover, it is 
the only sound way of arriving at an absolute chronology in years, as will 
be seen later. 

Local Chabacter of Pleistocene Sections. — In adopting purely 
geological methods for dating in the Pleistocene, one is at once confronted 
by the very difficulty which has made many workers prefer the easier 
archaeological method. This is the local character of many sections. Pre- 
Pleistocene strata are predominantly of marine origin and retain their 
characters over comparatively wide areas. Where they are ^ of terrestrial 
origin, the difficulty of precise dating and correlating is just the same as 
in the Pleistocene, As an example, the deposits of the Triassic period of 
extra-Mediterranean Europe may be referred to. 

If one imagines the present surface of, say, England to be fossilized and 
only observable here and there in geological sections, it becomes evident 

* Note that the stratigraphicai succession, or the sequence of climatic phases, con- 
stitutes the relative chronology, which iB independent of any time-scale in years. The 
Chapters II to IV are concerned only with the relative chronology of the Pleistocene. 
The absolute chronology, depending on the application to the relative chronology of 
time-scales in years, is discussed separately in. Chapters' V and VI, 
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how difficult correct correlating of terrestrial deposits is. S-iver gravels m 
one place hill-wash in a second, weathering loam m a third lake sediments 
in a fourth, woidd all be of the same age, and fossils would hardly help to 

^"^^The^plieation concerning Pleistocene sections is that any exposure in 
a ph quaSy, etc., which dm not afford some urmmbigiwm straUgmphical 
dm to ils ie, cannot be used far the. purpose of PI 

krmwlogn. U anv other geological period this would go mthout sa,ymg 
but, unfortunately! far too many chronological conclusions ^ 

on this kind of section in the Pleistocene. Thus, at least 999 out of a 
thousand Pleistocene sections, though perhaps oi great local mterest, are 
of no value in reconstructing the stratigraphical sequence. 

Type or Evioence oh which Pleistocene Stbatigsaphy should 
Rely .—The subdivisions of the periods previous to the Pleistocene a,re 
defined by changes in the fauna, but those of the Pleistocene are pnmardy 
based on changes of the climate. It is necessary, therefore, to find m the 
sections evidence for such climatic changes They are P^ov^ 0^% 
by the presence of (a) moraines or other deposits of the ice, (6) loess, (c) irost 
s4s and soiifluction deposits, (d) weathering (®). 

gravel terraces, and (p) certain types of fama. T^ foUowmg introduction 
to this evidence for climatic changes during the Pleistocene is meyitablj 
very short, but references are given to more comprehensive publications. 


B. MORAINES. 


Teeminal Moeaines.— T he most obvious evidence for a climate 
different from that of to-day is the presence of moraines in an unglaciated 
area Moraines are accumulations of detritus taken up, transported and 
Lid down by glaciers. The term is used for the material itself as weU as 
for the surface features built up. Thus a wall of debris and mud laid down 
along the front of a glacier, often partly washed by meltwater and com- 
pre^ed and contorted by oscillatory advances of the ice into it, is called an 
md-moraine or terminal moraine. Where a glacier fills the bottom of a valley 
hieral moraines are developed along the sides.* 

Bottom Mobaines. — G leologically more important, because oifou 
covering immense areas, is the bottom- or ground-moraine, the lining of the 
fflacier’s bed. In its lower portion it is the product of the friction betw^n 
rtie ice and the ground below ; it acts as a lubricant while the ice is active 
(bottom moraine proper). On rising ground it sometimes attams ^eat 
thickness,. and contortions show how the ground below was^^worked up 
by the ice and incorporated in the movement (“ contorted drift,” Fig. 1). 

The upper portion is made up chiefly of material thawed out from inside 
the body of the ice. It is usually termed bottom-moraine also, thoi^h 
enqlacial moraine would be a more correct expression. As a geological 
deposit it is called tiltf or boulder-clay, because of the frequent presence 
of pebbles and boulders. It is nearly always unstratified. 

* Introduotioiis to glaciology ; Geikie, 1894 ; Hess, 1904. A recent Arctic cojmtry , 
Spitsbergen, is monographed, in Knothe, 1931. Important papers on moraines : Gripp, 
1929 ; 1926, 1927 f , Gripp and Todtmann, 1926. ' , . 

t This term is used chiefly in North America, and for pre-Pleistocen© morames. 
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The surface features of bottom-morames left behind by melting ice 
according to whether the ice was in motion while melting "dowir (in this 
a more or less even surface is formed, with pits where lumps of ice 


Fig. 1. — Bottom moraine (black) on glaeifiaviai sands. The lower portion of the 
moraine is intensely contorted, consisting of 'sand and clay. The contortions 
are drawn oat towards the left, i.e. in the 'direction of the iee-inovemeiat. 
Upper portion of moraine is ordinary boulder clay. Total height of section, 
24 ft. Weichsei Glaciation, Giienicke (Nordbahn), near Berlin, Germany. 


Fid, 2,^Portion of a dead-ice area. The system of crevasses in the ice is repro- 
duced by the morainic deposits left behind. Full line: 200 m.-oontour ; 
broken line : 195 m. -contour, the latter surrounding a depression**. E’rom 
Psychod, Upper Silesia. (Zeuner, 1934c.) 


enclosed), or whether the ice became motionless before finally melting down 
{dmd ice). In the latter case, the network of crevasses often is clearly 
reproduced by tlie surfaw of the morauaic' depwosits (Fig* 2). 
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Thp nrpsence of a bed of boulder clay or of contorted ™ ^ section 
flpprlv raores that ice had at one time invaded the area. If there are two 
beds o/ bottom-moraine, however, the intervening layer re^nes care ul 
^itudv If it can be shown that the climate was mild while thm layer was 
formhig (weathering, faima or flora might help to esta,blish th^), tnen the 

two bottom-moraines represent two istinct cold ^°nosaible for 

mav or may not be evidence of distinct glacial phases. It is possible, lor 

instance, that a bed of sand between two ^hTL 

“ englacial ” water running m a cavity mside the body oi tne ice. 


c. LOESS. 

Loess.— Another most 'important climatic deposit is loess, wind-blown 
dust which is finer than sand, but coarser than clay. Loess is foimd m 
Europe chiefly in a belt stretching from south England 
to South Russia and adjacent Asia. Large areas m China, and also 
in North America, are covered with loess. The origin of loess (Soergel, 
1919 ; Grahmann, 1932)— disputed for many years— is now well established, 
as will he shown presently. The climatic conations associated wrih the 
deposition of loess were,,and are, fairly dry, of the steppe E™op® 

the temperature was low in the phases of loess depositiOT (Zeuner, 1934a, 
1937). but this need not apply to other loess regions. The considerations 
which follow, therefore, are valid for Emope o^y. 

Mechanical Analysis of Loess.— The seohan natme of loess (hig- ») 
is most easily shown by comparing it with modem W-blown dusts {Ji ig. 3, 
A and 0) In order to identify wind-blown dust, the material is separated 
into a series of grades of coarseness of the grains composing it by a ^ashi^ 
process called “ mechanical analysis ” (see, for instance, ZeuiiCT, 1938). 
Wind-blown dust is largely composed of grains between O-l and 0-01 mm. 
diameter (the “ silt grade ”), with very little coarser material and an amount 
of very fine (loamy or clayey) matter varying with the degree of weathermg 

suffered by the specimen. . . 474 . 1 + 

This constancy in the composition of loess is a very curious fact. It 
affords a subtle means of recognizing loess and allied wind-borne sediments. 
Water-borne sediments, even if they are roughly of the same average grade 
and outwardly resemble loess (as do many silts, for instance, ng. 3, F), never 
' exhibit this concentration within the limits of 0-1 and 0-01 mm., unkss, ot 
course, they are made up of derived loess transported by wate^ On the 
other hand, even wind-borne deposits of an age much earlier than Pleistocene 
can he recognized by mechanical analysis (Pig. 3, E). _ r • 

Causes of the Unifobmitv of Loess Gbadikg. — ^T he cause ot this 
uniformity in the grading of wind-borne deposits is probably twofold. 
Whether the dust was picked up in hot deserts, or temperate deserts, or 
arctic regions, or in the regions of moraines and glacifluvial sands siirroundmg 
the Pleistocene ice-sheets, or from the gravels of rivers and on slopes of 
mountains which were under the refrigerating influence of an ice-sheet 
(periglacial climate), the source of the dust was always an area with a com- 
paratively dry climate.* In such dry regions, chemical weathering of the 
* Frost climates may be classified as dry, since the water is soKd during the major 
part of the year* 
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rocks is superseded by mechanical weathering, whicb breaks down the rock 
either by repeated intense heating by day and cooling at night, causing 
alternating expansion and coiitraction {insolation weathering), or by repeated 
jfreezing which causes the freezing water in the cracks to expand, thus 
widening them {frost? weathering). The result is the well-known rock- waste 
of the deserts, high mountains and arctic regions. The process of mechanical 
disintegration may continue until the size of the particles has become so 
small that the movements caused within them by insolation or frost are 
compensated by the elasticity of the material. It seems that, for the 
majority of rocks, this limit lies between a tenth and a hundredth of a milli- 
metre. This is probably the reason why large quantities of dust grains of this 
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Fig. 3. — Mechanical analysis of various kinds of silts. Grades of coarseness : 

I + II, 0-0*01 mm. ; III + IV, 0*01-0*07 mm. ; V, 0*07-2*0 mm. 

A. Wind-borne dust collected on snow after a dust storm. From Breslau, 
Silesia, Germany, 

B. Striped soHfluction soil. From Spitsbergen. Sample supplied by 
H. Khothe. 

o. Ciyoeoiiite, wind-blown dust from the surface of a glacier. From 
■ Spitsbergen. Sample supplied by H. Knothe. 

n. Younger Loess, from St. Pierre-les-Elbeuf, Seine Inferieure, France. 

33 . A Mesozoic “ loess,” of middle Musehelkalk (Triassic) age, from 
Bretten, Baden, south-west Germany. 

F. A river silt, or floodloam. From Psychod, Upper Silesia. 

size are produced in arid and semi-arid regions. The cover of vegetation being 
absent or interrupted, the dust is readily carried off by wind almost as soon 
as it is formed,* and deposited in the adjacent steppe zones where g^ass and 
other low-growing vegetation arrests the load of the wind. It is worth 
mentioning that IMcker (1937a) has arrived independently at the conclusion 
that the grading of the loess is due to the mechanical disintegration of the 

* The coarse material, therefore, remains, and the dust does not accumulate to 
form pure loess-like deposits on the spot. 
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In the cold regions of to-day, the seasonal freezing in winter modifies 
the structure of the soil (Hogbom, 1914). This applies particularly to areas 
where, in summer, the soil thaws to a depth of a few feet only, whilst under- 
neath, a permanently frozen horizon extends sometimes to great depths 
(over 200 metres have been measured). This permanently frozen sub-soil 
(Schostakowitsch, 1927 ; Stoltenberg, 1935) is called tjcele. Ail the pheno- 
mena described Mow depend on frost and snow, and nearly all of them on 
the existence of tjjele in the ground. 

The phenomena in question are very commonl}?" included in the term 
solifiuction.” This is not correct, however, as there are two rather 
different groups of phenomena, for one of which '' solifiuction ” is a good 
and descriptive expression, whilst the other has been termed, less adequately, 
‘‘ polygon soils.’’ Both groups may be covered by the term frost soils. 

SoLiFLTJCTioisr. — In the arctic and alpine zones of to-day and (as evidence 
has shown) in the periglacial zones of the Pleistocene, frost weathering 
] 3 roduces very large quantities of rock debris. This would accumulate on 
the slopes of mountains and hill-sides, did not solifiuction remove it rapidly. 
In spring, the snow cover melts and, since the tjasie prevents the water 
from draining to deeper levels, the thawing surface layer is soaked with 
water to such an extent that the debris glides down the slope as a semi-fluid 
mass. In summer the supply of meltwater ceases and the process comes to 
a standstill, to be resumed in the following spring. The term “ solifluction ” 
was first applied to it by Andersson (1906). 
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(and polygon soils) in France and. England.- ' ' ' Two English terms are in use 
for soMnction deposits, but both have ■somewhat restricted meanings. 
They are coombe rock for those composed' ehiefiy of chalk and similar lime- 
stones, and head for angular debris of other rocks, often mixed with loess. 
Other deposits havo been called eolifluction gravels ^ etc., according to theh 
composition. 

Sludge. — ^Though genuine solMuetion deposits provide evidence for 
severe cold during the time of their formation, it is by no means easy to 
distinguish them from ordinary slvdge, hill-wash or land-slide, such as occur 
locally in all climatic zones. Not every unstratified bed of river gravel, 
for instance, is the result of periglacial solffluction, and in many a case of 
“ soMuetion mentioned in literature one wishes that less ambiguous 
evidence for a frost or snow climate had been produced. 

Polygon Soils, — ^The other group of frost soils does not require slopes 
for its formation and is restricted chiefly to more or less level ground. These 
are the polygon soils (see, for instance, Elton, 1927 ; Huxley and Odeli, 
1924 ; Huxley, 1925). The name Is not very appropriate, since several 
structures comprised by it are not polygonal. No better term, however, is 
available at present.'*' 

The common feature of the polygon soils is that in the zone of annual 
freezing and thawing displacements of material take place, often resulting in 
structures like rings or network appearing on the surface. A sorting of the 
soil matter into coarse and fine is often associated with their formation. 
Although many details of the processes involved are still unknown, they are 
clearly based on the unequal expansion and contraction of cooling water. 
It is well known (a) that water between + 4° C. and 0° C. expands its volume 
instead of contracting (water therefore is densest and heaviest at + C.), 

{b) that the volume of ice at 0® C. is by one-eleventh larger than that of 
water at the same temperature, and (c) that ice contracts with increasing 
cold in the same way as other matter. 

These three factors, combined with the unequal capacity for conducting 
heat of the various rocks and mixtures of soil and water, produce a great 
variety of curious structures in the freezing soil. It is advisable to consider 
first the influence of (6) on the soil, as it is simpler than that of the others. 

Mud Polygons. — Mud polygons are found on clays or other fine-grained 
soils in arctic regions. They form fields of polygons separated by cracks 
or strips of vegetation. The polygons are bulged up in the centre, and show 
no sorting of material into coarser and finer grades. The diameter of the 
polygons varies from one to several feet. Elton (1927) has made observations 
which show that these mud polygons are due to the expansion of the water- 
logged soil when freezing. Experiments carried out by Diicker (1937^, 
19375) and others support this view. Wet soils composed chiefly of clay 
(including boulder clay) or silt (including loess) not only expand considerably 
when freezing, but layers of clear ice are formed witMn the soil. The con- 
sequence of this expansion is that the surface is bulged up. Many such 
bulges are formed in a mud area, as observed by Hawkes (1924) in Iceland, 
and their limits often are polygonal because of the crowding. In summer 
the mud-bulges dry, and drying-cracks intersect the field. These cracks 
have nothing to do with the frost cracks described later on. 

* In German, Strukturhoden — structure-soil, is used. 



* Such cracks have been observed in Siberia on hills formed By underground 
lenses, called ** underground naledj.’* (See Sehostakowitscb, 1927 ./' 
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Wet sands expand much less - than does mud when freezing, ^ so that 
polygons of the described type are restricted to surfaces of clay or silt. 

Mud polygons have not,, yet been found in the fossil state. This is not 
surprising, since no sorting takes' place and only minor movements of material 
occur, and once the frost has gone, little is left that might serve as evidence 
for a frost soil having existed in the locality. 

Tbail. — A nother type of frost -soil is known from geological sections 
only, because it does not create conspicuous surface features. It is the 
trail observed in stratified, often loamy or clayey, deposits, and consists 
of contortions and foldings of bedding planes which are frequently drawn 
out towards the surface. In many cases the original stratification is 
still discernible. Cases, however, in which a mixture of coarse and fine 
soil has evidently become separated, have to be referred to the brodei soils 
(see below). The term trail is at present used to cover both tji^es of con- 
tortions if observed in geological sections. In fact it is quite liitely that the 
majority of trails are the compound product of expansion trailing and of 
brodei soil formation. 

Expansion Trail. — Pure expansion trail is hardly more than a variety 
of the mud polygons, though formed in a stratified and less viscous soil. 
The freezing expansion is unequal, and the formation of layers of clear ice 
alone must result in a disturbance of the original bedding. Moreover, the 
expansion due to the freezing of the top layer in autumn exerts pressure 
on the water-logged soil underneath, and when the time comes for the latter 
to freeze, the expansion can no longer be relieved in an upward direction, 
and folding of the layers results. 

Furthermore, the annual freezing of the soil from above cannot proceed 
at the same pace everywhere. Differences in wetness, conductibiiity of 
heat and the presence of patches of vegetation will cause the frost to proceed 
downwards irregularly. Freezing expansion, therefore, cannot act uniformly, 
and unfrozen material must be displaced by the expanding freezing cores. 
Small though all these movements may be, they are repeated annually with 
a cumulative effect. 

It is evident, therefore, that the bedding planes of a soil resting on 
tjaele cannot remain undisturbed. The real problem of the trail is that the 
layers are often drawn upwards in places. One explanation for this is offered 
in the theories suggested for the brodei soils, but it may be that the top layer, 
freezing and expanding in autumn, breaks up here and there and affords 
cracks in which the water-logged soil could rise.* 

Bbobel Soils, — ^The best-known type of frost soil structures are the 
stone-rings and atom-polygom. They appear as rings of from one to several 
feet diameter, containing fine earth in the centre and stones around the 
periphery. Gross-sections have revealed the fact that this difference extends 
to some depth, but does not reach the tjaele. Single structures form rings, 
and where crowded, they make up a regular polygonal network. If situated 
on a slope, ovals or stripes result (atom stripes, striped soil), owing to a com- 
bination with soMuction. . 

Soils of this type have been described from many arctic countries, 
especially from Spitsbergen, but they also occur in Antarctica and on moun- 
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tains (Scandinavia, Sudeten, Black Forest, Alps, Lake District, Scotland, 
Andes, etc. ; see Poser, 1933 for references). Stone rings and stone polygons 
are more widely distributed than other types of frost soil, and in temjk‘rate 
regions the tjsele may be replaced by an impermeable rock surface, but 
everywhere a snow-dimate is required for their formation. 

Stone-rings and -polygons cannot develop on other than mixed soil 
composed of coarse and fine debris. In the absence of a better expression, 
Giipp’s Brodelboden (boiling-iip soil) may be used as a descriptive, though 
not necessarily explanatory, term covering all the varieties of stone-rings 
and stone-polygons. As regards their mode of formation, two different 
theories have b^een proposed, Hogbom’s theory of regelation (1914), and 
Low's of convection currents (1925). 

Regeeatioit Theoby. — Hogbom (1914) and others, most recentlj" Poser 
(1933), hold the view that repeated freezing moves the stones contained in 
the mixed soil upwards to the surface, leaving the finer earth behind. This 
transport is a known phenomenon and is called frost-heaving ; it is effected 
by thin layers of ice which form under and around the stones and lift them, 
and which are replaced by mud in spring, the stones thus being prevented 
from regaining their former position. The fine earth bulges up in the manner 
of the mud-polygons, and stones which have reached the surface of the bulge 
are supposed to be shifted radially outwards down the very gentle slope of 
the bulge, by repeated freezing and thawing. At the periphery of the bulge 
they accumulate and form the stone-ring. 

CoNVEOTiON-cuBRENT Theoby. — A very different explanation has been 
put forward by Low (1925). It relies on the fact that water is heaviest at 
+ 4^ C. This theory has been vigorously taken up by G-ripp (1927, 1029). 
Ducker (1933, 1937a, b) considers that the regelation theory is not sufficient, 
and that convection-currents as postulated by Low and Gripp are possible 
under certain conditions. In short, the theory is as follows : 

In spring and early summer, when the soil above the tjaele is intensely 
water-logged, periods occur when the temperature at the surface is about 
+ 4° C. At the contact with the tjsele the temperature is about 0® C. The 
water from the surface will therefore sink down and that from the lower 
layers rise. Convection currents are thus initiated which are supposed to 
carry the stones to the surface and outwards to the ring, where they are 
deposited. 

Evidently the question is whether the water-logged soil is diluted enough 
for the difference in density of the water to become effective in moving soil 
and stones, or whether the suspension of soil in water has to be so diluted 
that stones would sink to the bottom by their weight rather than rise with 
the currents. Experiments and calculations have shown that certain 
fine-grained soils become movable with a water content of only 22 per cent. 
(Ducker, 1937a, b) ; in other words, convection-currents in the soil are 
possible.^*' The question whether they are capable of transporting stones 
has not yet been investigated. Another question is whether the convection 
is counterbalanced by the internal friction in the soil. This friction must be 
considerable in earths of the coarser grades, such as do occur in certain 
types of stone-rings. ■ ’ . 

Thus it has to be admitted that frost-heaving as well as convection due 
* Gripp and Simon (1934) succeeded m producing them experimentally. 
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to differences In density can start movements in the water-logged soil, but 
none of the theories so far suggested is entirely satisfactory. The theory of 
convection- einrents requires tjasle, since otherwise" the C. level would not 
be sufficiently constant. Yet stone-rings do occur outside the region^ of 
perennial tjscle, as for instance in the high mountains. ^Here, the regeiation 
theory is at an advantage, though stone-rings have been found the centres 
of which were not raised. How the stones can migrate to the periphery in 
these cases cannot be explained by frost-shifting. 

It is possible, if not probable, that several causes are at w^rk, and also 
tha.t the curious restriction of the process to localized centres is originally 
due to one of the movements described above in connection with the for- 
mation of trail. One thing, however, is certain : all observed polygon soils 
require a snow-climate with an ample meltwater supply in spring. 

Ice-wedges. — ^Another interesting phenomenon of the arctic and peri- 
glacial regions is that of ice-wedges. They require very low winter tempera- 
tures for their formation (below - 10° C.). Ice-wedges were first studied 
by Leffingwell (1915) in Alaska, and later discovered in Pleistocene sections 
by Soergel (1932) and others (Zeuner, 1935 ; Selzer, 1936*). According to 
I^ffingwell's observations, they occur in networks, forming irre^lar poly- 
gons of several metres diameter. The same has been observed with certain 
fossil localities. 

Leffingwell found wedge-shaped cracks filled with solid ice and, at the 
surface, sometimes over two metres wide, forming a polygonal system in 
certain parts of the tundra. They open, often with a sound and vibration 
as if from a distant explosion, in very severe frost, when the completely 
frozen soil contracts (Pig. 4, a). In the following summer the top soil 
thaws and water percolates into the crack, where it freezes in the level of 
the tjaeie, exerting pressure on the sides of the crack and thus widening 
it (Fig. 4, b). In the following winter the crack opens again (Fig. 4, c), and 
the process of widening by freezing-pressure and cracking is repeated every 
year, with the result that a thick ice-wedge is formed. In the later stages 
the growing wedge displaces the adjacent strata (Figs, 4, d, and 5). When 
local conditions change, or the climate becomes milder, soil from the top 
will migrate into the space formerly occupied by the ice-wedge. This 
process has been studied in detail by Soergel (1932). 

* Since this chapter was written Paterson (1940) has claimed the presence of fossil 
ice-wedges in the pit of Traveller’s Best, near Cambridge, and several other instances 
have been observed in England. 

Fia. 4. — ^Ponr sketches illustrating the development of an ice-wedge. Black : 
top zone ‘of soil which thaws in summer and freezes in winter. White ; 
permanently frozen subsoil. 

A. First winter. Soil frozen throughout. Intense cold causes con- 
traction, and a crack (“ frost crack ”) opens. 

B. Following summer. Meltwater fills the crack and soon freezes in the 
level of the permanently frozen subsoil. The top-soil is thawed, and mud 
and vegetation close the opening more or less. Some mud enters the crack. . 

c. Second winter. Owing to intense cold a crack opens within the ice- 
wedge. In the following summer this secondary crack is filled as described 
under B, ■ . 

n. This process is repeated annually, and the freezing pressure of the ice 
press^ the adjoining strata aside. The ice- wedge has becomp thick, and the 
bedding in the permanently frozen subsoil is, disturbed. 

For cofitinuation, see Fig. ■§, 
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Ice-wedges, Recent and fossil, may reach to a depth of 10 m. and are, 
naturally, confined to the permanently frozen tjaele. In the networks 
which they form on the surface they are about 10-15 m. apart. In geo- 
logical sections, the visible shape of the wedge depends to a large extent on 
the angle between the direction of the crack and the wall of the section 
(Soergel, 1936). 

SiJMMAEV OF Fbost Soils.— T he study of sollfluction and polygon soils 
has onty recently been taken up by a large number of geologists, and many 
details concerning their mode of formation are still obscure. One point, 
however, has been firmly established, namely that without exception they 
require a frost or snow climate for their formation. All varieties occur on 
permanently frozen sub-soil, and only certain types of stone-rings have been 
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Fip, 5. — A fossil frost-crack, or ice-wedge. Loess covers Permian clay. An 
ice-wedge occupied and widened a frost-crack cutting through both loess and 
Permian sediments. When the climate improved and the permanently 
frozen subsoil disappeared, the ice -wedge melted away, and material from 
above {in this case, loess) replaced the ice. The lateral distortions caused bv 
freezing pressure are striking. From Mittelstoine, Sudeten Mountain^ 
(Zeuner, 1934d.} 

found in snow climates where tjaele is absent. For these reasons, the frost 
soils provide important climatic evidence where they occur in Pleistocene 
sections. » Features suggestive of these phenomena, however, reqxiire a very 
careful scrutiny before they are interpreted climatically, since there are 
many structures which resemble them but are not caused by the effects of 
frost. . 

TEMPEEATtTBii LiMiTS FOE Fbost Soils. — ^T he wide distribution of frost 
soils at the present day enables one to recognize certain climatic limits for 
their formation. The oniy,:^ety which is not restricted to areas of peren- 
nial tjaele is that of the brodel soils. They are, however, restricted to locali- 
ties or areas where the warmest month of the year remains below + 10^ C. 
This is the limit for the growth of forests, so that brodel soils are clearly 
confined climates which are too cold in summer to allow forests to grow. 
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This applies to the occurrences in high mountains (Alps, Andes, etc.) as 
well as oceanic islands (elevated plateaux of Iceland and the Faeroes), From 
this it would appear that brodel soils require a cool vsummer for their forma- 
tion, but it is most probably the absence of high-growing vegetation that 
really matters. Apart from this, all localities where brodel soils occur Iiave 
two other features in common : there is plenty of snow in winter, and the 
temperature hovers about freezing-point for considera..bie periods during 
the year. T3^pical brodel soils, therefore, appear to indicate a piow climate, 
irrespective of whether the winter is mild or severe. This is the tundra 
climate of Koppen (1931). 

Brodel soils are not restricted to regions with mild winters, so long as 
the snow cover is sufficient. They are frequent in places where the sub-soil 
is permanently frozen. Since all the other varieties of frost soils depend on. 
perennial tjseie, the conditions under which tjasle has been observed will 
provide a further clue to climatic conditions in the periglacial area during 
the Pleistocene. Perennial tjsele is not confined to treeless regions ; in 
eastern Siberia, for instance, abundant forest grows in a soil of which only 
about 3 ft. thaw in summer. A necessary condition is that the snow cover 
is thin and the frost in winter severe, and the amiual mean of temperature 
must" be so low that the soil cannot thaw completely. Calculations have 
shown that the limit is at the annual isotherm of — 2° C,, provided a snow 
cover is entirely absent. Otherwise a lower annual mean is required, 
TJa^le now exists in large parts of Siberia, where the climate is intensely 
continental and winter temperatures very low, but also in arctic regions, as, 
for instance, Spitsbergen. 

The lowest temperatures are required for the formation of ice- wedges. 
Continued spells of frost under — 10® C. are necessary for the frozen soil 
to contract and the cracks to open. This figure was obtained by experi- 
ments (Hawkes, 1924), but allowing for the cover of tundra vegetation and 
snow which, though thin, will protect the soil, the winter temperatures in 
nature must be even lower than this. It is not surprising, therefore, that 
Recent ice-wedges are known only from a country with a cold and intensely 
continental climate — ^northern Alaska. 

Geogeaphical DistPvIbution of Fossil Feost Soils. — ^From the clima- 
tological point of view the frost soils may be classified into a group requiring 
a ttindra climate with plenty of snow, but not necessarily with tjaele (brodel 
soils), a second group which requires tjaele and a fair amoxmt of snow (most 
varieties except brodel soils and ice- wedges), and a third group which needs 
a cold, continental climate with intense frost in, winter but little snow (ice- 
wedges). 

It is very interesting that the fossil frost soils of the periglacial zone of 
Europe show distinct climatic differences. Though none of the varieties is 
exclusive to any one district, ice-wedges have been observed more frequently 
in central and eastern central Europe. Solifiuetion and brodel soils, on the 
other hand, though they do occur in the east as well, are much more fre- 
quently observed in Franc© and England. The increasing contmentahty 
of the climate in an eastward direction is thus demonstrated for the glacial 
phases, and the more oceanic character of western Europe is evidenced by 
the relative frequency of frost soils requiring plenty of snow^but compara- 
tively little cold In winter. ' 



* In the widest sense of the word, soil is the product of the destroying and altering 
in&ience of the atmosphere on the surface of the land, under the exclusion of the pro- 
oes^s of mechanical transport (denudation and erosion). ,This definition covers both 
chemical and physiol weathen^, and circumscribes the term as used by geologists. 
In practice, however, soil,’* without further qualification, mostly designates a product 
of chemical weathering, and some agriculturists prefer to restrict the term to this group 
t ‘ Soil, Vegetation and Climate’ {Imperial Bureau of Soil Science, 1934) ; Robin- 
son, 1932 ; and Wiegner, 1929, may serve as introductions to pedology. 
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E. SOILS DUE TO CHEMCAL WEATHERmO. 


Moraines, loess, soMuction and polygon soils proYide evidence of a cold 
ciioiate-. JEld climatic phases are proved by horizons of buried soils due 
to chemical weathering. In ali climates with a sufficieht amount of precipi- 
. tation and temperature above freezing-point for atdeast,.part of the year, 
the ground is normally covered with vegetation, and decaying vegetable 
matter (humm) plus rain water draining into the ground exert a powerful 
disintegrating effect on the material composing it. This process is called 
chemical weathering and the product, soilj^ 

Soils vary enormously in their constitution according to the kind of 
original rock, the climate of the region, local conditions, such as exposure 
on slopes ancl relation to drainage channels. A branch of science, pedology, 
has developed in recent years, specially devoted to the investigation of soils. 
A fair amount of knowledge of chemistry is required to understand soil 
formation. t For this reason, the following explanations are restricted to 
the possible minimum, and only such types of soil are considered as are 
found in temperate regions and may occur in Pleistocene sections in a 
fossilized state. 

Geistbral Composition of a Soil. — Soil develops on, and from, the 
exposed surface of some kind of rock, hard or soft, consolidated or not 
(sands, clays, etc., are rocks in the geological sense), and of varying com- 
position. The composition of the parent rock influences the resulting soil 
to a great extent, but in regions where the climate favours the development 
of a certain type of soil, this type will be found on the most diverse kinds 
of parent rock. This is partly due to the fact that most rocks contain 
quantities of silica (oxide of silicon, either as quartz or contained in other 
minerals, such as feldspar, etc.), sesqiiioxides (oxides of iron and aluminium, 
the latter an important component of clays), bases, or alkalis (oxides of 
sodium, potassium, ma^esium and calcium, with a basic, or alkaline, 
reaction), and often calcium carbonate or lime (easily decomposed by acids, 
leaving oxide of calcium, which is a base). The vegetation supplies decom- 
posing organic matter, called humus, which in certain stages acts as an acid 
on the soil. 

The process of soil formation is studied in a vertical section, often called 
profile. More or less distinct levels characterized by colour and texture 
are distinguishable ; they are called horizons. 

Tundra Soil. — In cold regions, especially on tjsele, chemical weathering 
is almost entirely superseded by physical weathering, producing varieties of 
frost soils. Where there is vegetation it is of the tu^ra type, which con- 
sists of Sphagnum and other mosses and various other low-growing plants. 
This vegetation lives under very wet conditions, and this together with low 
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teeiperature causes the dead plant matter to decompose very slowly. It is 
accumulated in the form of peat, tod its chemical action on the subsoil is 
very slight. 

PoDSOL. — Proceeding to somewhat milder regions, one encounters a 
very striking Mud of soil, called podsol , ' It is most typicaly developed iiiicler 
heath and coniferous forest, though it may occur under other plant asso- 
ciations also. Podsol requires comparatively cool summers with plenty of 
rainfall. Under these conditions much ' acid humus containing free humic 
acids is produced. The humus often forms a blackish band on top of the 
soil (horizon Aq), and humic acids in solution drain down* to the water- 
table. On their way they attack the minerals constituting the parent 
rock and dissolve the bases and also the sesquioxides (horizon A^). Whilst 
the bases are carried to the water-table, the sesquioxides are kept in solution 
only so long as the humic acids are not saturated. They are deposited, 
therefore, at a certain depth, and the horizon formed in this manner is 
usually intensely brown or red (due to the iron compounds), or black (due 
to humus pr manganese). Sometimes this horizon, which is the illuvial 
horizon of the soil, called B, becomes more or less hardened. Above it 
leaching takes place, and the soil attains a pale, often whitish colour (A- 
horizon, eluvial horizon). Underneath B the unaltered parent material is 
called the C-horizon. A podsol is thus characterized by a very distinct 
separation of the A-, B~ and C-horizons. It is evident that a podsol can 
develop much faster on a parent material which is poor in bases and sesqui- 
oxides from the start, so that in regions (such as England) where brown- 
earths are dominant, podsols are frequently found in areas with sand rich 
in quartz forming the surface stratum; 

Bbown-earths. — It is now easy to understand what happens if the 
climatic conditions are varied. Let us assume the climate to be warmer 
in summer than in the typical podsol region, but still with sufficient precipi- 
tation. There will be no dry season, but the top-soil will dry up more 
frequently in summer, be better aerated, with the result that the decaying 
vegetable matter is more quickly oxidized and much less acid humus pro- 
duced. Under these conditions, the sesquioxides are no longer transport- 
able, and they remain in the soil. The bases, however, are leached out, 
including calcium carbonate, and disappear in the ground-water. Whilst 
the chemical reaction of a podsol is acid for obvious reasons, brown-earths, 
having lost their bases but containing little or no acid humus, will be neutral 
or very slightly acid, except in the top layer (Aq), where the decomposition 
of humus takes place. No distinct A- and B-horizons are developed in a 
brown-earth which has its brown colour from the oxidized and hydrated 
iron. An important effect of the washing-out of the bases is that the 
sesquioxides and colloidal silica are enabled to form plastic colloids of the 
clay-type. BrovuLearihg therefore, are lo^y Bur ied brownreartbs 

aie frequently^^'bSservef in loess-seoS miBr md"e asl!y"‘1dehtSed'‘ by their 

^ the Aspersion of the 

' ' 

Brown-earths are found in temperate Europe in a broad zone from 
England and Eranoe through central Europe into Eussia, and they are 
t37picaliy developed under deciduous forest. 

"CkERNOZBMS,-— Let US now assume a climate which is more continental 
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than that of the hm^-n-earth region, with hotter and drier summers and 
colder winters, and with a cover of snow. The a-nnuai amount of Fecp- 

tatioii need not be lower than in the brown-earth region, though it often 
is. Most of it falls in spring-and atitiimn. Under these cOTxlitioiis steppe 
develops, the summers being too dry for forests^to thrive. The gvass grows 
very rapidlv in spring and 'ripens early, and in summer it dies off, thus 
simplving abundant organic matter, which is decomposed duiiiig the moist 
seasons, autumn and spring. Downward movement of water in^ the soil 
is restricted to these seasons, :and what is dissolved m^ this process is moved 
upwards again in the diy-'- summer, when evaporation from tlm surface 
produces a' capillary upward movement of water in the profile. The bases 
are absorbed by the humus and the clay-eolloids which are, therexore, kept 
in the flocculated state. The soil thus acquires a ‘ nutty structure, being 
composed of crumbs. Burrowing animals (rodents, bisects, worms) ahound 
in chernozems, and provide for an even distribution of the humus and other 
components throughout the profile. The burrows of rodents often extend 
into the fresh sub-soil, where they appear as grey or blackish strip^^ or 
patches, the cavities having been filled with black soil from above, iliey 

are called crotovines. . 

The term bluchearth describes this type oi steppe-soil very well; but 
since there are other soils of a black colour, the Russian term chernozem 
(meaning exactly the same) is generally used instead. 

The onlv component which does migrate appreciably in a chernozem is 
calcium carbonate, since it is dissolved very readily in water containing 
carbon dioxide. The water which passes dovm through the decomposing 
organic matter is naturally rich in carbon dioxide and therefore washes 
out calcium carbonate. In summer, however, when the movement of the 
water is reversed, water poor in carbon dioxide rises from the water-table, 
so that but little calcium carbonate is carried upwards again. It accumu- 
lates in the lower part of the profile, often in the form of concretions. 

The ehemici^l reaction of a chernozem is never acid becanse of the 
presence of the bases in the soil. It rises from neutral to decidedly ba,sic. 
Chernozem is the soil with the minimum of separation of the A- and B- 
horizons ; it indicates a continental steppe climate wdth dry and hot summers. 
It is at present found in south Russia, Siberia, central North America and 
south-east Australia. During the Boreal phase of the Postglacial and during 
a phase of the Last Interglacial it extended considerably further westwards 
in Europe (Pigs. 0, 7). 

Chestnut Soils and Othee Dby-stbppe Soils.— A further increase of 
summer heat and decrease of precipitation lead to a considerable reduction of 
the cover of vegetation. Steppe may still prevail, but less organic matter 
and Jess water are available, and burrowing animals are scarce because of 
the arid climate. The soils -^1 therefor© be thinner than a chernozem and 
of a lighter colour. They are called the chestnut-coloured soils, from their 
brownish-grey hue. Calcium carbonate is evenly distributed throughout 
the profile, the chemical reaction of which is alkaline. 

Loess Soils. — ^Dry steppe zones adjoin the deserts with their piredomi- 
nantly physical weathering. Where desert dust is carried by winds into 
adjacent regions loess will be deposited, the dust being caught by the 
v^etation in the dry steppe zone. This will lead to a gradual building-up 
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Pig* 6. — Soil chart of Europe, much simplified. Based on * General Map of the 
Soils of Europe,’ Int, Soc. Soil Sci., 1927. Bl^k : Chernozem, b. Bro^- 
earth. b. Podsol. M. Mountain soils, t. Terra Kossa. c. Chestnut pils. 
Note the islands of Chernozem in Central Europe, which correspond to relatively 
warm and dry localities. 


7 ^ — Soils of the Last Interglacial. Cross : Chernozem. Circle : brown- 
earth or podsol. Note the similarity in distribution of the fossil soils with that 
of the present day (Pig. 6). It indicates that the climate of the Last Inter- 
glacial was, for some considerable time, similar to that of the present day. 
The existence of semi-Mediterranean soils and thick chernozem in certain Last* 
interglacial localities suggests that temporarily the climate was even warmer 
than to-day. 
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of the surface with which the vegetation is able to keep pace. Chestnut- 
soils are, therefore, characteristic of the zone of deposition of desert-dust, 

or ' io0ss* . 

The loess steppe of the cold phases of the Pleistocene ha(^imilar senu - 
arid conditions, but the temperature was low in sunyner. The semi-and 
character of the soil which prevaUed while the loess was bemg deposited is 
clearly expressed by colour, texture and distribution of calcium carbonate 
in the loess. In loess which has not been changed by later weathering 
calcium carbonate occurs as a coating of grains, as minute concretions ^d 
as incrustations apparently formed around the roots oi grass or otber 
plants This and the yellow or brown colour indicate an affinity of the 
loess soil to the Eecent chestnut soils. The porous structure of the loess is 
due partly to the rS/pid addition of dust, and partly to the re-distribution 
of the calciuoi carbonate in it, which by slightly cementing the grains 
helped to preserve the original structure produced by the settling dust and 
the roots of the plants. 

It is essential, therefore, to distinguish sharply (a) the conditions ot 
soil-formation prevailing at the time of deposition of the loess, and (6) the 
brown-earth, chernozem or other soils formed on the surface of the loess 
when the climate had changed and loess deposition ceased. 

Meditebba-NEAb Bed Eaeths.— So far we have considered the pries 
of soils corresponding to climates of increasing contmentality and aridity. 
It is necessary to consider briefly a second series, branching from the formp 
at the brown-earth type. These are the Mediterranean soils. The main 
features of the Mediterranean climate are mild and rainy winters combined 
with hot and dry summers. Chemical activity in the soil, therefore, is 
concentrated during the wet season, from autumn to spring, and the results 
are in many respects akin to those observed in a brown-earth climate. In 
summer the weathering process is interrupted by intense drying up. This 
appears to influence the degree of hydration of the iron-oxides in the soil. 
They form compounds poorer in water than are found in brown-earths, and 
they have consequently a more or less reddish colour. This accounts for 
the reddish tinge of the Mediterranean soils. 

On limestones and other rocks rich in calcium carbonate, a distinct 
type of red soil develops in the Mediterranean region. Its formation need 
not be discussed in this context, but its name must be briefly mentioned. 
It is Terra Eossa, the Italian words for red earth. A red earth is merely a 
soil of red colour, but a Terra Rossa is a soil with very definite chemical 
and physical characters which develops on limestone in a Mediterranean 
climate. 

Some Points Bmjwoma the Investigation or Fossil Soils. — In 
order to avoid behag deceived by coloured horizons differing in origin from 
genuine soils, it is necessary to study in some detail formations suspected 
of being fo^fl soils before accepting or discar^g them as palaBocfimatic 
evidence. 

Evidence for Fossil Soils being Genitine. — On discovering in a 
section a horizon suspect of being a buried soil, the first and most obvious 
thing to do is to establish whether it can have been formed by weathering 
of the underlying fresh material. If, for instance, the fre^ substratum con- 
tains large flint pebbles and the layer suspected of being a soil contains 
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none, its soil-nature is doubtful, since flint is usually little affected by the 
weathering process in temperate and cold climates* 

Most often the weathering soil is ioamier 'than the fresh bed-rock or 
substratum. If the latter is a solid rock, limestone or granite for Instance, 
this is obvious enough, but it applies to gravels, loess, briekearths and clay§ 
as well. Apart from mechanical disintegration, the main reason is that the 
colloids (which were coagulated by calcium carbonate and other solubles) 
are set free in consequence of the solubles being leached out. Thus they 
are able to display their '' colloidal ” qualities, giving the soil a stick}^, 
loamy ’’ texture. 

Use op Mechanical Analysis.- — This dispersion of the colloids, very 
typical of brown-earth, affords a subtle way of recognizing %veathering 
horizons. The dispersion increases the amount of finest matter, compared 
with the unweatliered parent material, and this is easily revealed by 
mechaiiical analysis. As examples, analyses of the loess sections of St. 
Pierre-les-Eibeuf, on the Seine (p. 81, Fig. 26), and the Ebbsfleet near 
Gravesend, on the Thames (p. 127, Fig. 41), may be referred to. 

Htjmic Matteb in Bubied Soils. — Good evidence for a fossil soil is 
sometimes supplied by the presence of humic matter in the A- and/or B- 
horizons of the suspected profile. Not everything black, how^ever, is humus, 
and experience has shown that many a band of oxide of manganese has been 
claimed as a humic layer representing a soil. The presence of humus, 
therefore, has to be established by chemical tests. 

In well fossilized soils, however, the original contents of humic matter 
have often disappeared. 

Decalcipication of Soils. — ^Where, in a humid climate, the un- 
weathered parent material contains calcium carbonate, the upper portion 
of the soil formed will be free from it. Fresh loess, for instance, is nearly 
always more or less limy, and in temperate Europe the soils formed on it 
are decalcified. Hydrochloric acid provides a simple means of testing 
sections for the presence of calcium carbonate in the field and thus of finding 
possible weathering horizons. For a thorough investigation, however, it 
will often be necessary to determine calcium carbonate by quantitative 
analysis, and to find oiit under the microscope in which form it is present. 

fH Value, Conobntbation op Hyubogen-Ions. — ^An important means 
of studying the changes due to the leaching of soluble matter under the 
influence of water, carbon dioxide and humic acids is provided by the 
determination of the pH value.’" This expresses the concentration of 
hydrogen-ions in the soil. Pure water is “ neutral,” and the number 
of hydrogen-ions present in it marks the point of neutrality. An 
excess of hydrogen-ions characterizes acids, and a dofieiency, bases (alkalis). 
For mathematical reasons the figure used as pH value ” is smallest for 
the highest concentration of ions, and conversely. Pure water has pH = 7, 
acid soils yield values below this figure, down to about 3*5 in certain podsols, 
whilst alkaline soils and certain unweathered rocks have a pH greater than 
7, though rarely above 9. The pH- values will be given later for several 
sections of buried soils. , , - 

The study of fossil, or buried, soils is as important as it is neglected. 
They are of the greatest value as evidence for interglacial and interstadial 
phases. ' 
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P. TEAVEETINES/^ ^ ^ ^ ^ ^ ^ ^ 

Apart from fossil soils which, owing to their general fetribution, 
always supply most of the evidence of mild and moist phases dmmg the 
Quaternary, there are certain limestone deposits of local character which 
have acqiured some fame as indicators of clmatio conditions. These are 
the limestone tufas, or travertines, produced by sprmgs rich m calcium 

The water which issues from such springs contains carbon dioxide, 
which keeps a large quantity of lime in solution. As the carbon (hoxide 
evaporates or is absorbed by plants, calcium carbonate is deposited, and 
terraces and walls of varying shape are built up Vegetation greatly 
assists this process, since aquatic plants absorb carbon dioxide am thus 
release lime, and aU sorts of vegetable matter serve as nuclei tor the pre- 
cipitation of calcium carbonate, in which they are rapdly envelope^ 

In some sections of travertines, such as those of Taubach and Eh^gs- 
dorf, near Weimar (Soergel, 1926), Cannstatt, near Stuttgart (Soergel, 1929) 
and Kharga Oasis (Gardner, 1932, 1935), interruptions of the process of 
formation of travertine occurred which can be explained only by porio s 
during which the springs ceased to flow. These periods have teen mter- 
preted as phases of a dry climate. Everywhere the formation of travertme 
requires a fairly constant water supply and, therefore, a humid climate. 

The flora and fauna enclosed in travertines often are of considerable 
importance, and help to substantiate conclusions based on purely geological 
observations. 

G. RIVER TERRACES. 

An important part in modem Pleistocene stratigraphy is played^ by 
I'lYer terraces. According to their modes of origin, three kinds of rfrer 
terraces may be distinguished : (1) tectonic, (2) thalassostatic, and (3) 
climatic terraces. There is a tendency of local workers to neglect, or even 
deny, the existence of any other but the type of terraces found in their own 
district, and many a fruitless controversy has ensued. Furthermore, the 
fact that certain terraces carry a thick sheet of gravel (aggradation terraces) 
whilst others do not (erosion terraces) has, though important, often been 
interpreted in an incorrect manner. 

A, permanently flowing river would be in a permanent state of erosion, 
provided there occurred no oscillations of the sea-level, or fluctuations of 
dimate, or tectonic movements of the ground. Such a river would cut 
down its bed all the time and everywhere, and its thalweg curve would 
approach roughly a parabolic shape, being steeper near the source.* It 
would not be able to form terraces. 

All terraces, in fact, are due to interruptions or sudden intensifications 
in the otherwise continuous process of down-cutting. 

Tectonic Tbkbacbs. — One possible source of such disturbances is tectonic 
subsidence or uplift of part of Idie river’s course (see, for instance, Soergel, 
1923). In nature, these movements may be extremely complicated and, 
since tectonic terraces have little significance for the general chronology of 

* This is a greatly simplified statement, thongh sufficient for the present purpose. 
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tlie Pleistocene, only two, mucii simplified, examples are given here. These 
will at the same time help to explain the thalassostatic and climatic terraces 
,as: we,ll. ■ ■ 

Upliet of Upper Course of R-iyer. — ^Let ns assume that the course 
of the river is crossed by a fault and that the entire upper portion of the 
river has been raised (Fig. 8). A waterfall, or rapids, will then be formed 
where the river passes from the raised block down to the stable portion, 
and increased erpsion mil gradually gnaw back the upper edge. . After 
some time no more will remain than a portion of the river’s course, with a 
gradient steeper than above and below ; it will join smoothly with the 
louver portion of the thalweg curve, but its upper end will be represented hy 
a distinct break in the curve, which will become weaker and weaker the more 
it works itself upstream. Such break is called a hnickjjomt. The remnants 
of the ancient level of the river from the knickpoint as for as the fault will 
form a “terrace ” which, at the fault, runs out into the air. The gravel 
sheet of such terrace will be thin (Cc. about equal to the depth of the river), 
since no aggradation took place. 

In reality the movement at the fault is rarely sudden, and the shape of 
the resulting thalweg curve depends on the relation between the rates of 
uplift and erosion. If the rate of uplift is greater, a break of the etirve will 
be observed at the fault. For the present purpose, however, it is not 
necessary to enter into these details. 

Subsidence of Upper Course of River. — ^The second case to be dis- 
cussed here is that of a subsidence of the upper course of the river (Fig. 9). 
In this case the fault will create a bar crossing the thalweg. It is very 
obvious that this bar prevents much of the pebbles, sand and mud from 
travelling further down the river, and the break at the fault will, after some 
time, be filled in with deposits. This “ aggradation ” (unless it takes place 
in a lake) will rise slightly upstream, but its gradient will be smaller than 
that of the portion of the upper course above it. In this portion erosion 
will continue, until the break at the upper end of the aggradation is smoothed 
.out.' ' 

The break at the fault is of the shape of a knickpoint, and the normal 
erosion of the undisturbed lower course of the river will smooth it out, 
gnawing a channel across the fault into the aggradation. The result is that 
a terrace remains at the side of the valley, which is not paraHei to the modern 
thalweg and which, in its-’middle portion above the fault, consists of aggraded 
liver gravels. 

It is important to note that the result of tectonic displacement on the 
courses of rivers is generally continued or intensified erosion, whilst aggrada- 
tion is confined to local stretches. 

Thalassostatic Terraces. — It is now easy to understand the second 
type of river terraces, i.e. those caused by fluctuations of the level of the 
sea. They are conveniently termed thalassostatic terraces. 

A drop of the sea-level creates a step at the former mouth of the river 
(Fig. 10), which is gradually moved upstream by erosion. The result is a 
knickpoint and a terrace which diverges from the later thalweg in the 
downstream direction and ends abruptly at the coast. This case corresponds 
to that of a tectonic rise of the upper course of the river. 

A rise in sea-level (Fig. 11) usually leads to the formation of a fuimel- 



Sea-level 
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Successive 

Jcnickpoints 
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Fios. 8-11. — ^Thalweg curves of rivers under the influence of disturbances. 
Broken line : original thalweg. Dash and one dot ; terraces. Two dashes and 
one dot ; intermediate stages. One dash and two dots : aggradation ter- 
races. Full line : new thalweg. For details see p, 20 . ' 

Fig. 8 — ^tJppei^ course raised at a fault. 4 , 

Fig. Upper course lowered at a fault. 

Fig. 10. — Sea-level lowered. 

Fig. lL-~-^a-IeveT raised. 



SOME PEINCIPLES OF PEEISTOOENE STBATIOEAPHY 


23 


shaped estuary (or a fjoM), If this is shallow enough and the river carries 
a sufficien ■ amount of detritus, the estuary will b© filled, up gradually. 
There may also be some aggi*adation above the new high-wai^r mark, if 
and as the river pushes out an estuarine delta seawards, and this aggradation 
win work slowly upstream ; but in the upper course of the river, to which 
the aggradation does not extend, down-cutting continues, as in the case 
of the upper 'course of a river under the influence of tectonic subsidence. 

Examples of thalassostatic terraces will be found in the chapters dis- 
cussing the Somme and the Thames (Chapters III and IV), and the fluctuations 
of the sea-level (Chapter IX). Here it suffices to say that, unlike tectonic 
terraces, thalassostatic terraces are of great stratlgrapMcai value where it 
can be established that they depend on eustatic fluctuations of the sea-level 
(see pp, 92, 116, and Chapter IX). 

■ Climatic Teeeaces. — ^The last kind of river terraces to be clisciissed 
are those of climatic origin. They are the most important from the strati - 
graphical point of view as they, of all kinds of terraces, provide direct 
evidence of climatic fluctuations suitstble for a relative chronology to be 
based on. 



Fio. 12. — Morainic aggradation terraces, formed by the meltwater of an ice- 
lobe. The aggradation is usually thickest near the source, i.e. the end of the 
glacier. It decreases in thickness downstream ; its surface, therefore, con- 
verges with the rock -base downstream. Similarly, earlier and later phases 
foi-m a convergent system of terraces, 

Mokaikic oe Glacifluviae Teeeaces. — ^Terraces connected with the 
moraines of glaciers, as they occur in the zone surrounding the margins of 
Pleistocene ice-sheets, may reveal a succession of climatic events, though 
they depend much on purely local conditions. Streams of meltwater which 
formed near the edge of the" ice (frequently building up gravel plains sloping 
away from the ice, so-called sanders) united to form rivers full of load 
derived from the moraines (Eig. 12), As they flowed into an area with a 
cold and comparatively dry, periglacial climate, irregular and often insuffi- 
cient water supply made them drop much of their load, thus causing the 
aggradation of gravels. Subsequently, down-cutting transformed the gravel 
sheets into terraces. Terraces of this kind are often made up of very thick 
aggradations, wMch, however, do not extend far downstream. 

GlaeifluviaP aggradation terraces have been used in the Alps by Penck 
and Briickner (1909) for the fundamental divisions of the Alpine Ice-age, 
and more recently Eberl (1932) has made use of them in a remarkable 
attempt to reconstruct a very detailed chronology, and Troll (1926) deter- 
mined with their aid -the stages of the retreat of the Last Glaciation in 
Bavaria. In tliq area of the Scandinavian glaciation they are of no signifi- 

Glaciflmial is more correct than the more common term, flumoglmidi* ■ 
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caiiee except for tlie siibstages ia the retreat of the last ice-sheet (see, for 
Instance, Zeiiiier and Schulz, 1931). 

Other Terraces dxte to OsonnATiOHS of Water Supply. — ^All other 
climatic terraces are dne to fluctuations between dry and wet. A river in 
a region with a humid climate flows through a country covered with vege- 
tation. Consequently, little rock-waste is delivered to*^ the river, which has 

1 ^ J, I ^ • PlEriUFCU AHD PERMAWEnr WATSS SUPPLYj 

S^iAlLA^1C•UHTOFLOAi)5U??yE0TOR^VER 

/ VECETATiafJ 

/ A \\ T X HILLS AMD SLOPES 


RiVER 


CUTTiNG 


MV/N 


IMTERGLACIAL COI^OITIOMS 

(HLIIiO-TEflPERATE} . 


Fic. 13. — A river cutting its \"alley under ordinary, humid -temperate, conditions. 
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(FROST CU M ATE) 

, 14. river aggrading a giw-el -sheet under the influence of the periglacial 

climate. 


ample water to carry its load. Rivers of this kind continue to erode their 
beds by down-cutting (Mg. 13). 

A liver in a region with a dry, arid or semi-arid climate flows through a 
TOuntiy which is mostly barren, the rocks being exposed to physical weather- 
i^ (^. 14).^ Plenty of rook-waste, often of a coarse grade, is delivered to 
merivers which suffer froin an irregular and often insufficient water supply, 
xto load is camM chiefly in pmo& of floods and thrown down when these 
subside. Such rivers build up their beds by adding sheet after sheet of 
gravels, and thick a^radatiou. deposits are sometimes formed in this 
maimer., 

If, m an j region, the climate is not constant but, say, humid for some 
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time, then arid for some time, then humid again, aggradation terraces 'will be 
formed, since the rivers cut down to a certain level in the first liiimid phase 
and build up an aggradation in the following dry phase. This aggradation is 
quickly cut through in the following humid phase and tlie river continues 
to erode the . bed-rocl^ below its previous level. If another dry jihase inter- 
venes, the corresponding aggradation will be built up from a level lower 
than the fecst and so forth. 

- Successions of climatic terraces are-' found in many countries. Il7?.ere 
heal conditions^ or tectonic movements or changes of the sea-hvel, ham interfered 
tviih their development^ it is often difficulty if not impossible, to reconstruct the 
succession of climatic events. In some districts, however, they are excepiiomxlhj 
clearly developed, and such districts are of primary importance for the chronology 
of the Pleistocene, In all cases a careful study of the system of terrac^es in 
question is needed in order to establish their climatic origin, or otherwise. 
The fauna often helps to do this, and also the composition of the gravels, 
which can be studied analytically (Zeuner, 1932). 

Reo-iomal Disteibution of Gliicatic Tbbbaoes. — ^Terraces of this kind 
occur in several of the climatic zones of the present day and of the past. 
They are observed, for instance, where the climate is now hot and dry but 
had repeatedly changed to hot and damp in the past. Certain parts of the 
Sahara and the Sudan provide examples. 

They are found also in temperate arid and semiarid regions, such as 
central Asia, where the climate changed repeatedly from temperate and dry 
to temperate and humid. 

Climatic Teebaces in the Periglaciae Zone. — ^^lost interesting of ail, 
however, is the present humid temperate region, particularly of Europe, 
because it can be shown that here oscillations occurred between humid- 
temperate and dry-cold. These were caused by the cooling effect of the 
great glaciations (Soergel, 1921). The zone which was under the influence 
of the cooling effects of the ice is called the periglacial zone, or periglacial 
area. 

Most of the rivers of this zone had their sources in the moderately high 
mountains between the Alps and Scandinavia, many of which had ice-caps 
of an inconsiderable size, or none at ail. In the warmer and damper inter- 
glacial phases between two glacial phases, the climate was much like that 
of the present time. The rivers were cutting, and the country, not yet 
affected by man, was covered with dense vegetation, making superficial 
removal of weathered materials by denudation nearly impossible. Chemical 
weathering prevailed, and the rivers received mainly fine-grained detritus. 
As precipitation exceeded evaporation the streams and rivers w^ere constantly 
flowing, caiTying considerable volumes of water, and strongly eroding. 

When the climate became colder, however, the influence of weathering 
by frost action increased in the higher parts of the mountains. The forests 
retreated from the higher parts of the ridges, and the more effective mechanical 
processes of weathering now prepared larger quantities of coarse and fine 
rock waste which slowly moved down into the valleys. The more severe 
the conditions became the more soMuction increased, carrying large amounts 
of waste into the rivers. But the springs of iihese rivers, being frozen for 
a great part of theiyear, supplied less water than before. Only in springtime, 
when the snow was melting, much water was available ; floods were usual 
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at this time of the year, and much rock-waste was taken up and carried 

TanSe the ice-she^ of Scandinavia extended and a barometncal 
anfevclone developed above it. This caused the climatic conditions to 
become colder and drier at the same time ; the forest, even m the lowknds 
disappeared more or less completely (this aecordmg to 

elacii phase) ; and steppes and semi-deserts spread over ' ^5® 

rivers LfferiU from an insufficient water supply, accumffiated their lo^ 
mainlv in theh middle courses, the transporting powers of the water being 
inadequate as compared with the enormous quantities of waste prepared by 

^°The^open Steppes and semi-deserts, as well as the vast plains of newly 

accumulated river-gravels, favoured the action of wind, 

the higher horizons of gravel terraces contam wind-blowii sand and dust 

and that, when the activity of flowing water was much reduced during the 

maxima of the greater glaciations, wind-blown material 

the surfaces of the terraces and on the slopes of the hills. This is the loess. 

It is very important to note that a loess belonging to the same cold phase 

as the imderlymg river gravel rests conformably on it and develops gradually 

from the floodloams. An unconformity between fluviatde deposits and loess 

indicates that the loess belongs to a later phase than 

This feature has been used extensively m estabhshmg the relationship ot 

loesses to gravel terraces in Germany. . 

When, after the climax of the glacial phase, warmer and more humid 
conditions returned, the quantity of water carried by the rivers mcma^ 
once more, and denser vegetation spread over the country, graduaUy 
hindering superficial denudation. The rivers resumed them work of cuttmg, 
and formed the actual terrace out of the accumulated beds of gravels. 

This summary may sound rather deductive but, in fact, it is the absttact 
of the results of a very large number of investigations wMeh nave shown 

(1) The accumulation of river gravels began when, towards the end of 

an interglacial phase, conditions became colder. _ , • t i. 

(2) The accumulation graduaUy ceased as the foUowmg glacial phase 

passed its climax. This is the time when the loess was deposited 

(3) The rivers resumed their work of erosion as soon as the climate 
became milder again, i.e. still under cool conditions.^ 

(4) The results of investigations into the fauna (distribution ot temperate 

and cool mammal s over the horizons within the gravel beds) and of petrolo- 
gical studies (analysis of the gravels) are in fuU agreement. 

A sequence of climatic river terraces, therefore, gives the_ number of 
cold phases thatpeourred in the course of time covered by it, which in mmy 
cases means the duration of the Pleistocene. It does not give the number 
of glaciaticms that extended to the neighbourhood of the area imder investi- 
gation, since not every cool phase need have been intense enough to cause 
a large inland glaciation. 

Tberaobs: Summaby.— I t is evident that climatic river, terraces 
provide valuable evidence for the detaUed chronology of the -Pleistocene. 
But it is equally evident that the climatic origin of a "system of terraces 
has* to be established fimt. It must he home in mind tha1|t;^ieal climatic 
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terraces a?,i:e restricted to districts remoTed from the influence of the changing 
sea-levelj i'emoved from the meltwater, of -the glaciers (though this is less 
essential), and situated in tectonically quiet,. or fairly quiet, regions. Further- 
more, the rivers must have been subjected to the influence of the periglacial 
climate. The;. most-favoured zone. in all these respects is in the mountains 
•and: hills, of west', .centra! and' south-east Germany, where-,, since it form.ed 
a wedge between the alpine and Scandinavian ice-sheets, even minor climatic 
changes left their traces. This is also the area where, for meteorological 
and geographical reasons, the influences of the continental and oceanic 
types of climate meet and often interfere with one another. 

Thus, the periglacial zone of central Europe has become the birth -place 
of the detailed chronology of the Pleistocene. 

H. EVIDENCE SUPPLIED BY FAUNA AND FLORA. 

The fauna and flora enclosed in certain Pleistocene deposits have always 
played an important part in the discussion of the climates of this period. 
They serve as evidence (or are supposed to do so) in two different respects, 
namely (a) in a strictly stratigraphical sense, indicating by the presence or 
absence of certain now extinct species the relative age of the deposits within 
the stratigraphical scale, and (6) in the ecological sense, indicating the 
environment in which they lived and, therefore, the climate. 

Steatigbaphical Value oe Fauna and FY^oea. — Th^ stratigraphical 
value of the Pleistocene fauna and flora is restricted. Too many of the 
modern species were in existence at the beginning of the Pleistocene, though 
a few became extinct and a few others appeared in the course of this period. 
As an illustration of the &st possibility, the sabre-tooth tiger (Machairodus)^ 
the southern elephant {ElepJias meridionalis), and the Etruscan rhinoceros 
{Dicerorkinus etruscus) may be mentioned. They died out in Europe after 
the Antepenultimate Interglacial or, more accurately, did not survive the 
Antepenultimate Glaciation. The mammoth {EhpJias primigenim), on 
the other hand, is an example of a species which, in its typical form, was 
restricted to the upper Pleistocene (Penultimate and Last Glaciations for 
details, see Chapter X), 

Sometimes the frequency of occurrence of one or several species provides 
stratigraphical guidance. The marine shell fauna of the East Anglian 
Crags has been analysed successfully from this point of view (see p. 105). 
On land, certain mammals, such as the reindeer, were definitely rare in the 
early Pleistocene, but abundant in the later stages. One is able, therefore, 
to obtain some idea of the approximate age of a fauna and its containing 
deposit from the association and relative frequency of certain species. For 
a detailed chronology, however, the evidence supplied in this way is rarely 
spfficienf. 

Faunal Evidence eoe Envieonmbny and Climate. — ^More important 
is the environmental evidence afforded by the fauna, particularly with 
respect to the distinction of glacial, interstadial and interglacial phases. 
A study of the Pleistocene rhinoceroses, for instance, has revealed that the 
woolly rhinoceros (TiehorMnus antiquitatis) was adapted to life in the steppe 
and tundra, whiisl two other rhinoceroses {DicerorMnm etrmcus and Dicero- 
rhinus merckii) were adapted to open woodlands (Zetmer, 19345, 1936). The 
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stmctiire of the body of the mammoth, especially its teeth, reveals that it 
was an animal of the steppe and tundra, whilst antiques preferred 
woodlands and semi-open country. Correspondingly, ^the later interstadial 
and interglacial phases are characterized by M, antiquMS and D. MeTchiij 
whilst, in the intervening cold phases, the mammoth and the woolly rhino- 
ceros oeenr. With their accompanying faunas, they alternate repeatedly in 
the middle and upper Pleistocene. ^ 

Space is not available to enter into greater details, but the importance 
of this environmental evidence is obvious. It often helps to^ recognize the 
climate on which the environment depends. Caution is advised, liow^ever, 
and a fair amount of knowledge of the biological requirements of the species 
is necessary for sound conclusions to be drawn. The concliidmg chapter of 
this book is entirely devoted to the succession of Quaternary faunas, and the 
reader is refeiTed to it for details. 

Marine faunas lend themselves to a similar method of interpretation, 
though to a small degree only, and it is the temperature of the sea alone 
that may be suggested by the composition of, for instance, shell faunas. 
The method has met with some success in the Crags of East Anglia (p. 105), 
in the coastal terraces of the Mediterranean (p. 184), and in the deposits 
of the Eem Sea of northern Europe during the Last Interglacial (p. 238). 


I. STOIMARY. 

The preceding review of the climatic evidence on w^hich the stratigraphy 
of the Pleistocene relies is inevitably short and incomplete. The discussions 
of the various items are not intended to be exhaustive, but an effort has been 
made to refer to papers containing references to other publications on the 
subject. 

In the early days of Pleistocene stratigraphy, moraines and glaciiluvial 
terraces received most attention. Unfortunately, an advance of the ice 
destroys much of the deposits laid down during an earlier advance, and if 
the second is larger than the first, the latter may escape notice entirely. 
For this reason systems of subdivisions based on moraines only are unlikely 
to be complete. The early stratigraphicai systems, both of the Scandinavian 
and Alpine areas, were based on moraines. 

In recent years the deposits of the periglacial zone have received 
increasing attention. Here, the climatic infiuence of the glacial phases 
produced deposits like river gravels and loesses, which had a better chance 
to survive in suitable localities than had the moraines. Moreover, during 
the intervening temperate phases, chemical weathering produced on these 
deposits soils which supply valuable evidence for the kind of climate of that 
time.* River gravels and loesses of the periglacial zone in conjunction with 
buried soils have provided a far more detailed record of the climatic oscilla- 
tions of the Pleistocene than moraines and associated deposits. 

In addition the study of frost soils (solifluction, polygon soils, ice-wedges), 
which are restricted to snow- and frost-climates at the present day and occur 

* Soils, of course, developed on moraines also, but they are rarely encountered in 
sections, as they were mostly destroyed by the following advance the ice. There are, 
however, several sections in which boulder-clays appear, separated by well -developed 
soil-profiles. 
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frequently in geological sections in the periglacial zone, has helped con- 
siderably to elucidate, the climatic conditions prevafling during the glacial 
.phases,, ■ ■ ■ ■ ■ 

Finally, fauna and flora, in the morainic areas restricted to a very few- 
interglacial deposits, but much more frequent in deposits of glacial as well 
as of temperate phases in the periglacial zone, sometimes provide clues to 
the climatic conditions prevailing at the time, though they are of little 
immediate stratigraphicai value. 

Thus, it is on moraines, gravel terraces, loesses, frost soils and chemical 
weathering soils, and on fauna and flora, that the relative chronology of the 
Pleistocene is based. The diversity of the evidence affords chances for 
checking the results, and one can safely say that the agreement of the 
stratigraphicai schemes based on moraines, loesses and terraces respectively 
has become fairly satisfactory generally. It will be the subject of the 
following three chapters to supply regional and local evidence conlirining 
this claim, and to derive from it the sequence of the climatic phases which 
occurred in temperate Europe during the Pleistocene. 


CHAPTER II 

C^LIMATIC FLUCTUATIONS AND RELATIVE CHEONO-- 
LOGY OF THE- PLBISTOGENE: lN .THE', F 
GLACIATED AREAS OF CONTINENTAL EUROPE 
AND NORTH ^;-AMERICAv\;:::;;:;v 

- A. . INTRODUCTION. 

Ik the study of stratigraphy (as in any other science) it has been the 
natural conrse that, as research progressed, an increasing number of details 
have become knowm. Consequently, many new stratigraphical subdivisions 
have had to be introduced, and their number is still increasing. This 
applies to all formations without exception, including the Pleistocene. It 
is strange, however, that, whilst in other formations detailed divisions are 
more or less readily accepted, the same thing in the Pleistocene is by some 
regarded with suspicion. 

When Penck and Bruckner introduced their fourfold division of the 
Ice-age, there was at first much opposition to it. Now, more than 30 years 
later, it is accepted almost universally, but in. the meantime research has 
revealed, a number of minor phases within the estabhshed scheme, which 
play an" increasingly important part in the relative chronology of the 
Pleistocene. 

The following table is intended to summarize this development of 
Pleistocene stratigraphy. It also may serve as a chronological guide for 
the survey of evidence which is to foUow.* 

Mobaikic and Associated Deposits as Stratigeaphical Evidence. — 
The main divisions of the Pleistocene of temperate Europe are based on 
moraines and glacifiuvial deposits. It was recognized at an early time that 
the ice advanced, more than once and that, in the intervals, the climate 
was temperate. These phases have been called int&rglacials or, if of a minor 
character, interstadials, *• 

The most popular stratigraphical scheme is that introduced by Penck 
and Bruckner for the Alps, but the Scandinavian area of glaciation, with 
its periphery extending from, the Ural Mountains through central Germany 
to &itam, was of much greater importance, especially as regards its climatic 
infiueno© on the adjacent unglaciated countries. It is advisable, therefore, 
to discuss the Scandinavian area first. * 

* Only the barest suimnaiy can be given, here. Those requiring details win find 
references in summaries published by the writer (1935, 1937, J93i8). Text-books : 
Woidstedt (1929), W. B. Wright {1937), both however not treating of the detailed 
, ^chronology. , 


FOBmBBLY ^LAGIAT-EB. ABEAS' 31 


..glacialism.. ■ . ' 

BlglacialisBi,; 

Peiiek and 
Briiekner. 

Detailed relative ehronolog}-. 

Abbre- 

viatiems. 





3rd gkeial phase 

LCUj 



Foiirtli Alpine 

3 glaciation 
:,'"'3'tWtirin3” 


Interstadial osc'illatioii 

LGIg 'i, 



1.1 ■: 
i 

■2nd glacial phase 

LGl. 



0 

■, Interstadial oscillation 

IXU^,2 


Second 

glaciation 

■ 3 ,3, 


1st glacial pliase 

LGl, 


Third 

Interglacial 

cc 0 ■ 

4 

. Second part of interglacial 




Minor cool phase 

Ugl 




^ SO 

■■ First part of interglacial 




Third Alpine 
glaciation 
“ Riss ” 

*i « .1 

2nd glacial phase 

1 PGla 



's ■ 

■ i s ^' 3 

Cu iS 

- 3 

Interstadial oscillation 

• PGIi/a 

■, •lee- Ag© \ 

... 

1st glacial phase 

■ m\ 

"■ 1 

Only 

interglacial 

Great 

Interglacial 

Great or Penultimate Inter- 
glacial with one or several 
cooler phases 

pigi 



Second Alpine 
glaciation 
“ Mindel ” 

Ante- 

penulti- 

mate 

Glaciation 

2nd glaf'ial phase 

1 ApGl, 



. Interstadial oscillation 

ApG!,/., 



. 1st glacial phase 

ApGIj 


i First ■ ■ ■ 

■ glaciation 

J'irst 

Interglacial 

■ . Auito-penultimate Inter- : 
glacial 

1 Apigl 


i' ' " ' i 

First Alpine 
glaciation 
. “ Gilnz ” ■ 

>.1 

2nd glacial phase 

; EGl, 



w § 

3 

Interstadial oscillation 

;EGh/2 



1st glacial phase 

1 EGIi 

Pliocene 

' Pliocene 

Pliocene 

Viliafranchian (Pliocene) 

' 


B. SCANDINAVIAN AREA OF GLACIATION. 

The Scandinavian area of glaciation"^ was by far the largest in Europe. 
Its southern Hmits, marked by the occurrence of boulder clays, are to the 
south of Ireland, England from the Bristol Channel to the Thames, Holland 
at the mouths of the Rhine, the Hartz Mountains, the Sudeten Mountains, 
Edev, Pavlovsk on the Don, and the sources of the Dwina. It is doubtful, 
however, whether these extreme limits were reached all at one time. 

Within this va^t area it has been found that the zone on the extreme 

* Se© Woldstedt (1929), Madsen (1928), WahnscBaffe and Schncht (1921). 
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peripliery is occupied by deeply weathered moraines which no longer exhibit 
topographical features due to the action of ice. In many parts they have 
been removed entirely by denudation and erosion. This shows that they 
are much older than the inner zones of moraines. It has further been 
found that two glaciations have ^.contributed to these outermost deposits. 
The floodloams of two different river terraces in central and east Germany 
pass into laminated clays . which are covered conformably by boulder clay. 
The earlier of these glaciations has been called Mster, and the later, Saale. 

As one moves towards the central area of the Scandinavian glaciations, 
one passes more or less distinct lines at which the topographical features, 
such as terminal moraines, sanders, eskers, lakes and midrained depressions, 
etc., are in an increasingly better state of preservation, and where the 
intensity of weathering and denudation decreases. These lines, commonly 
called end-moraines ’’ for short, have always been correctly interpreted 
as stages of the extension or recession of the ice. The most notable of these 
are (1) the Flaming or Wartke belt, (2) the Brandenburg or Weiclisel belt, 
(3) the Posen or Frankfurt belt, (4) the Mecklenburgian^ Great Baltic, or 
Pomeranian belt, and (5) the Fennoscandian belt (Fig. 15). Since the state 
of preservation deteriorates from the centre towards the periphery, it might 
be, and has been, inferred that these belts represent stages in the retreat 
of one great glaciation. 

Intebglacial Deposits. — ^This cannot have been the case, however, 
Sections in pits and borings revealed that, far inside the margin of the 
glaciated area, at least two, and sometimes three, boulder-clays occurred, 
superimposed and separated by beds with fossils of a temperate climate. 
Thus, the intergiacials were established. It must not be oveiiooked that 
such interglacial deposits are confined to the area of deposition, which has 
always been roughly east and south of the Baltic Sea, while the Scandi- 
navian peninsula was the area of glacial denudation which supplied the 
material laid down further south, east and west. 

Boeings neab Beelin. — ^As an instance of three boulder-clays separated 
by two interglacial horizons, the boring carried out at Budersdorf, near 
Berlin, may be quoted (Wahnschaffe and Schucht, 1921) : 

0- 22-5 m. : Upper sand and boulder-clay. 

22-5'-” 27*5 m. : Sand and gravels with jS?. Rixdorf horizon.’’ 

27*5- 65*4 m. : Lower boulder-clay and sand. 

65*4- 8i*0 m. : "'Paludiua horizon.” 

81*0- 136 m. : Lower sand and laminated clay. 

136*0-178*5 m. : Lowermost boulder-clay with a horizon of sand, 20 m. 
thick. 

This sequence shows* the two well-known interglacial horizons called 
Eiodorf Horizon (see Dietrich, 1932) and Paludina Bed (see Heck, 1930), 
which are regarded by Woldstedt (1929) as the Weichsel-Saale and Saale- 
Elster interglacials respectively. The three boulder-clays thus are supposed 
to repr^ent Weichsel, Saale and Eister. But the basal complex of moraine 
is divided by 20 metres of sand and possibly corresponds to two separate 
glaciations. The question whetiier there are three or four bottom morames 
in north Germany has not yet been solved, complete sequences naturally 
being extremely rare. Gagel ,(1913) distinguished three glaciations.* Van 

* Gagel was tjbe first to use weathering horizons as evidence for intergiacials. 
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Wervecke (1927, 1928, 1931, 1933) is convinced that there are six, two of 
which preceded Elster, He calls the earliest two the AlsUr and Elbe 
Qlmiatiom, 

The problem of the number of north German glacial phases is complicated 
by the Warthe phase, considered as an unimportant stage by some, and as 
a separate glaciation, or at least a major phase, by others. Petrological 
investigation of the boulder- clays will, perhaps, settle these questions in 
the future. Quantitative treatment of the erratics contained in boulder 
clays has produced results (stcme-counts^ Geschidtezahlung, Mothers, 1934 ; 
Hesemann, 1931, 1934, 1935 ,* Woldstedt, 1935) which are claimed to be 
promising. 

In the Riidersdorf section, and in many others of the Berlin district, the 
only bed that can be dated with reasonable certainty is the upper boulder- 
clay and sand, since the superficial deposits here are those of the Branden- 
burgian or Weichsel phase. The earlier moraines have been dated by the 
primitive method of counting downwards, omitting the Warthe phase. At 
any rate, this and similar sections supply the minimum number of ice- 
transgressions in this district. It is three. 

Pboblem of Cobrelation of Tebmibal Mobaihes aed Bouldeb 
Clays. — ^Woidstedt’s interpretation of the Eiidersdorf foormg is based on 
the assumption that Warthe was an unimportant oscillation. If one regards 
Warthe as a phase separated from Saale and Weichsel by retreats to some- 
where north of Berlin, it should be represented by a bottom moraine which, 
again by the primitive counting-method, would be the second from the 
top. This would make the Bixdorf horizon Warthe-Weichsei, and the 
Paiudina Bed would become the Saale-Warthe interglacial or interstadial. 

Rixdobf Hobizon. — ^If one accepts WoldstedPs interpretation, however, 
one is at once up against the difficulty that the Rixdorf horizon, supposed 
to represent the Last Interglacial, contains a mixed fauna of cold and tem- 
perate elements, which led Dietrich (1932) to the conclusion that the Rixdorf* 
horizon separates Warthe and Weichsel (as suggested above) and is not of 
the age of the Last Interglacial. The fauna and flora of genuine deposits 
of the Last Interglacial are thoroughly temperate (compare, for instance, 
Denmark, p. 34 ; and the Lower Travertine of Ehringsdorf, p. 67). Rixdorf 
is too cold and contmental to match these, but it agrees fairly wed with the 
fauna of the Upper Travertine of Ehringsdorf, found between the Younger 
Loesses 1 and 2 and separating the two cold phases which represent the Last 
Glaciation in the periglacial area. For this reason one might be inclined 
to regard Warthe and Weichsel as the equivalents of the Younger Loesses 
1 and 2. 

There is, however, no general agi’eement on the character of the Warthe 
phase. Woldstedt was at fimt inclined to combine Warthe and Weichsel 
as two phases of the Last Glaciation, a view which is still regarded as sound 
by many writers, but later he suggested that it should be considered as an 
after-phase of the Saale Glaciation. 

Last Ihctbglaoial m Demobk. — ^M uch clearer than in north Germany 
are the deposits of the Last Interglacial in Denmark (Jessen and Mfithers, 
1928 ; Madsen, 1928). Hei^ marine faunas and polien-anaiysis have con- 
tributed to recoiistructing the climatic conditions of the Last Interglacial 
with remarkable results. They may be tabulated as follows : 

3 ^ ^ 
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From this it is evident that the climate of the Last Interglacial was 
decidedly mild, even slightly wajmer than at present, during the phases 
II and IV, and that a subarctic phase (III, or Danish Middle Bed) inter- 

vened between these. 

The exact relation of these' Danish deposits’^ to the moraines is of great 
stratigrapMcal importance but, unfortunately, not quite clear. They lie 
close to, but outside, the terminal moraines of the Weichsel phase. Whether 
they also lie outside those of the Warthe. phase is uncertain, since the 
Flaming moraine cannot be traced with any certainty further north than 
Hamburg. In Vierke’s chart (Fig. 15) it is continued to the island of 
Sylt off the west coast of Jutland, a yiew based on stone- counts by Milthers 
(1934). But this author and Hesemann (1931, 1934, 1935), disagree Tiolently 
about the method of counting erratics, so that one is disinclined to take 
their claims as the last wprd with regard to the westward extension of the 
Warthe phase in Jutland. 

Now, the Heming Series sections are never covered by unmistakable 
ground-moraine, but are generally capped by a deposit which Jessen and 
Milthers (1928) regard as the result of soMuction under cold conditions. 
Since, moreover, some of the Danish sites occur in what are still, topographi- 
cally, completely enclosed, undrained, shallow basins, it seems probable 
that no ice-sheet has passed over them since their formation. It follows, 
therefore, that they must either be younger than the Warthe phase, or lie 
to the west of the limit of this pha»se. 

Further, the semi-arctic Middle Bed itself reveals no evidence of con- 
temporary soMuction, In view of the close proximity of the sites to the 
Weichsel end morame (a few kilometres), it therefore seems clear that 
the cold phase which the Middle Bed records cannot be equated with the 
Weichsel phase itself. A fortiori it cannot be equated with the Warthe 
phase which was of even greater severity. The Middle Bed, therefore, 
must represent an independent ck>M phase of lesser magnitude than either 
Warthe or Weichsel, And this minor cold phase must have punctuated 
a thoroughly temperate interglacial of very considerable duration which 
certainly preceded the WeiciiSel phase, was certaioly subsequent to the 
Saale phase and must, therefore, either represent the interval Saale- Warthe, 
or Warthe- Weichsel. 

If one regards the extension of the Warthe morame to Sylt aa established, 
the second alternative is probably the right one, and the entire interglacial 
section would be later than Warthe. If, on the other hand, Warthe stopped 
short, east of the Danish sites, the interglacial is likely to precede Warthe. 
As will be seen from the table. Fig. 17, the latter alternative is tentatively 
adopted here. 

Thus, the problem of the Warthe phase still remains to be solved, but 
in spite of this difficulty the Danish Middle Bed series shows that, in addition 
to Mster, Saale, Warthe and Weichsel, there was a minor cold phase which 
occurred during the Last Interglacial. Further evidence for it is found 
in the periglacial area, where it appears to be represented by the fourth 
glacial terrace of 'Soergel (p. 57). ^ , 

^suRUO!?' iKCTBSTADiAn AND ^ PojffEBAJSUAK pHASB, — ^In the area of the 
Weichsel moraines three halts may be distinguished, the maximum advance 
^ These may be called the Heming Series, 
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inteipreted by Vierke P9S7). Hot© that th© Warth© moram© is mimEy 
shown as disappearing beneath the Weichsel moraine east of Hamburg. 
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(Brandenburg: ffloraines), tlie .Frankfurt-Posen belt, and the Pomeranian 
belt. ^ Where tbe, moraines of the FranMurt-Posen phase have been examined 
in detail (ZennerBud’ Schulz, 1931), they have turned out to be largely due to 
topographical features they need not have been caused by a recnidescenc© 
of the climate during the retreat of the Weichsel ice. 

The Pomeranian belt, however, is much , more individualized. It is 
distinguished by still greater freshness- of its surface features (Galon, 1938), 
and appears to be the product of a re-advanc©;. after a distinct . oscilation. 
This view is supported by the ^ discovery"- of the ; IntersMial in 
East Prussia (Hess v. Wichdorff, 1.915). Freshwater deposits containing 
numerous shells of gastropods and bivalves rest on top of a boulder- clay 
regarded as that of the Weichsel phase and are covered by a thin bed of 
more recent boulder-clay. Moreover, they are intensely contorted by the 
pressure of re-advancing ice. The shell-fauna was studied by Menzel (1915). 
It is a mixture of deoMedly cold, forms with others which are climatically 
indifferent. The flora, studied by Stoller (according to Woldstedt, 1929), 
included dwarf willow, dwarf birch, and alder ; it corresponds to the present 
northern limit of tree-growth. The climate, therefore, must have been 
fairly cold during this oscillation ; nevertheless Woldstedt (1929) points 
out that there was suj05cient time for lakes to be filled in and covered with 
peat, so that this less cold phase cannot have been very short. The cool 
climate of the Masurian Interstadial is further evidenced by the fact that 
buried ice appears to have survived it in the sander zone (Zeimer and 
Schulz, 1931). 

The Pomeranian phase was succeeded by the retreat of the ice to Scandi- 
navia. The Scandinavian stages of the ice-recession will be discussed in 
Zeuner (1945). De Geer’s and Sauramo’s varve-countmgs have shown that 
these halts were of a short duration (a few hundred years), so that they do 
not concern us in this context. 

Nobth Gebma2t Phases : Summaby. — ^Thus, the following climatic 
phases of the Pleistocene have been established within the area of the 
Scandinavian ice-sheet, chiefly in north Germany, and established without 
reference to the perlglaciai and Alpine areas (see table, p. 38). 

Eelative Extension of Ice-sheets. — In the second column of this 
table the relative extension of the ice-sheets is given, as the distance of their 
margins from an assumed ice-centre in north Scandinavia, approximately 
on a line from the north end of the Baltic Sea through Berlin. The range 
of the Elster Glaciation has been taken as the unit. Saale and.„Elster 
compete locally for the maximum extension. Apart from this, each succes- 
sive glacial phase was smaller than the preceding. This strongly suggests 
the possibility of less extended glacial phases being hidden by the major 
ones, their deposits having been destroyed or covered. The number of 
glacial phases at present known of the Scandinavian ice-sheet, therefore, is 
likely to be less than the correct figure. 

Nobth Gebmany : Remai3!O:n0 Pbobeehs. — ^Apart from the problem of 
the unrecognized minor phases, three outstanding questions remain to b© 
settled in north Germany, The first is whether van Wervecke’s Alster and 
Elbe glaciations can be confirmed. If so, some very early glaciations would 
be added to the sequence, but this would not affect the positions of the other 
phases. 
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The second question is concerned with the Warthe phase. Some workers 
consider Warthe as post-dating the Last Interglacial, but others are inclined 
to think that it antedates the latter. , : ' ' 

The third question is that of the intehsitj' and .position of the Pomeranian 
phase. Ail workers except Knaner ' agree that' it is a late stage of the 
Weichsel 'glaciation. Some consider the intervening interstadial as a majqr 
oscillation, whilst others regard it as imimportant. ' ■ ■ ■ 

An unexpected complication ' has recently been introduced, however. 
It affects the position of the Pomeranian in. the sequence of glacial phases. 
Dietrich (1932), interpreting the curve of -solar ra^ation and thus antici- 
pating what should firat be proved by evidence in the field, expects the first 
phase of the Last Glaciation to be smaller than the second. In consequence, 
he regards Warthe and Weichsel as the second and third phases of the Last 
Glaciation respectivel}?*, and degrades the Pomeranian to a mere. halt in the 
retreat of the Weichsel ice. 

Prom a very different standpoint, Knauer (1935, 1037) suggested that 
the Pomeranian was really the first phase of the Last Glaciation and was 
followed by Warthe and Weichsel, .North German geologists have refuted 
this view (Woldstedt,* Gripp, 1940), which was based on observations in 
the Alpine area of glaciation (p. 45). It is necessary to emphasize here 
that, whatever the outcome of the discussion of Knauer’s view may be 
regarding the Alpine phases, in north Germany the Pomeranian has been 
proved to be later than Warthe and Weichsel. 

PomsH Moeaines. — ^During the last twenty years much work has been 
done on the Polish Pleistocene, and it was found that four glaciations, or 
glacial phases, may be distinguished which, accordmg to Szafer (1928, 1931), 
are called Jarosiavian, Craeovian, Varsovian I and Varsovian II. Szafer 
paid particular attention to the mild phases (Sandomirian, Masovian I, 
Masovian II) separating the glacial phases. 

As elsewhere, the number four of the glacial phases induced some workers 
to correlate them with Penck’s Alpine glaciations Gunz, Mindel, Biss and 
Wiirm (Premik, 1932; Klimaszewski, 1932). But, quite apart from the 
absence of a certain equivalent of Giinz in north Germany and Bussia, the 
belts of terminal moraines, and palaeontological evidence also, suggest that 
the Varsovian I is the eastward extension of the Warthe belt (Gams, 1930 ; 
Szafer, 1931), and that the Craeovian corresponds to Saale, The Jaro- 
siavian, therefore, is likely to be of Elster age. The Varsovian II comprises 
the zone of fresh glacial topography and is rich in lakes. It is identical with 
the Weichsel phase of Germany. 

BtJSSiA2!5r Mobaines, — ^The divisions of the Bussian Quaternary have 
been discussed by Girmounsky (1931, 1932, 1936) and Mircink (1936). 
Girmounsky distmguishes a Neowiirm (= Weichsel + Pomeranian of central 
Europe and Varsovian II of Poland) from a Wurmf proper (= Warthe, 
» Varsovian I), Bubnoff (1936) also distinguishes two main phases of the 
Scandinavian glaciation in Bussia. Mircink (1928, 1930) recognized four 
stages of the Last Glaciation, of which the second comprises the zone of the 
lakes and may, therefore, be correlated with the Weichsel pha^ of north 
Germany. This is confirmed by Jakowleff (1932), who summarized the 

* Appeared 193^ or 1940. Is’ot seen. 

f This term is particuiarlj imfortnnate in view of its different use in the Alps. 
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results of mapping work m north and central Russia, ancl connected the 
morainic belts of Russia and the adjoining countries with those of north 
Germany. He found that the moraines of two large lobes in the areas of 
the liFera Don and Dnjepr — very remarkable features of the Russian zone 
of old moraines — connect with the Saale moraines of ^Germany, and that 
the Warta-Wycegda belt continues westwards into the moraines of WoM- 
stedt^s Flaming- or Warthe phase. 

North of these follows the main belt of terminal moraines which 
forms the southern limit of fresh glacial topography and of lakes. ^ It con- 
tinues into the terminal moraines of the Brandenburgian or Weichsei of 
Germany. Even the equivalent of the Frankfurt or Posen phase has been 
identified in Russia. Jakowleff’s inner or north-western belt '' is the 
direct continuation of the moraines of the Pomeranian phase. This was 
followed by several further stages in the retreat and, finally, by the Finnish 
Salpausseika, which are part of the Fennoscandian End-moraine. 

This somewhat tedious summary is intended to show that the ice-margins 
which have been used in Germany to establish the succession of glacial 
phases are not restricted to that country, but continue around the entire 
continental edge of the Scandinavian area of glaciation. 

Caxtoasus. — ^Even in the Caucasus Mountains, the glacial phases appear 
to agree with those of the Scandinavian and Alpine areas. JMircink (1928) 
compared the moraines of the Caucasus with those of north Europe, and 
Rei^ard (1933, 1936) compared them wdth those of the Alps. Both authors 
distinguish three or four phases of the Last Glaciation which, according to 
Mirci^, may be correlated with those of north Europe. Reinhard regards 
two of these as the main phases. Tardanianz (1933) even proceeds to 
correlate the individual retreat stages in the Caucasus with those in the 
Alps. 

As elsewhere, so in the Caucasus also, the earlier glaciations afford less 
evidence for phases, though Reinhard (1933, 1936) is able to distinguish two 
phases of the Penultimate Glaciation. The Antepenultimate Glaciation 
appears so far as an undivided glaciation, and traces of what might be 
considered as the equivalent of the Alpine Giinz are very scarce. 

Thus, it appears that the divisions of the Last Glaciation established in 
north Germany apply to all glaciated regions as far as the Caucasus, and 
here and there the earlier glaciations also have been subdivided into phases. 


c. THE GLACIATIONS OF THE ALPS. 

The Alps are the home of the well-known divisions of the Pleistocene, 
Gi'mz, BCndel, Riss and Wurm. These were introduced by Penck and 
Bruckner (1909) in their momunental work on the Ice-age of the Alps and its 
deposits. It bears testimony to the genius of these two workers that they 
recognized so long ago that there were four great glaciations. Moreover, 
Penck estimated surprisingly correctly the relative duration of the inter- 
vening interglacials, that tetween Mindel and Riss being by far the longest 
(Fig. 16). This estimate has gained in importance in the light of the astro- 
nomical theory (p. 166). 

Penck and Bniekner based their divisions chiefly on the giacifluviai 
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gravel terraces formed by the waters of the meltmg glaciers. They recog- 
nked two complexes of gravels lying high above the level of the present 
rivers and called them older and yonnger DecJcenschoiter, In addition, there 
are the High Terrme ” and the Low Terrace,^ ^ separated jfrom the Decken- 
schotter by a considerable interval. The glaciations during which these 
tracts of gravel were formed received the following names : 

Glaciation of the Low Terrace . . . Wiirm. 

Glaciation of the High Terrace . . . Riss. 

Glaciation of the younger Deckenschotter . ^Jlndel. 

Glaciation of the older Deckenschotter . Giinz. 

Of course, Penck and Bruckner assigned many moraines to these glacia- 
tions, but it must be kept in mind that, primarily, the divisions were based 
on the more easily identifiable gravel fans and terraces. 

'The Penck and Briickner chronology was readily adopted, in many 



Fia. 16. — Penck’s curve of the Ice-ag© in the Alps (1909), with estimated duration of 
the Postglacial and the Interglacials. 

countries and, unfortunately, only too often applied to insufficiently inves- 
tigated deposits in a way that can hardly be called scientific. The con- 
fusion wliich has resulted is still one of the chief obstacles to a world- wide 
relative (and absolute) chronology of the Pleistocene. 

Extension of the Alpine Glaciations. — ^As in the peripheric zone of 
the Scandinavian area, a belt of weathered and denuded, evidently old, 
moraines surrounds an inner zone of well-preserved, young moraines. 
The latter are everywhere comiected with the Low Terrace, and there can 
be no doubt that they belong to the Wiirmian. Their correlation with the 
Weichsei glaciation of north Germany is justified on morphological and 
stratigraphical grounds and has never been contested. 

The old moraines ’’ are generally considered as largely of Rissian age 
(Woldstedt, 1929, p. 232) or, in Switzerland, of the ''' Greatest Glaciation,'' 
which is probably the equivalent of Riss. Quite recently, however, Rnaiier 
(1938a) has published evidence for Mindel moraines exceeding the Riss 
moraines in extension, between the rivers liler and Salzach. He points 
out the similarity to parts of north Germany in this respect. Eberl (1930), 
who made a special study of the area between the Hler and the Lech, found 
that in the Lech valley Riss was larger than Mindel, though in the 
Giinz and Ilier valleys Mindel exceeded Riss. In both cases, however, the 
differences are small. Thus it appears that the Mindel and Riss glaciations 
compete for the maximum extension in the forelands of the German Alps, 
as do Elster and Saale in north Germany (compare percentage figures, p. 54). 

Little is known about the extension of the ice-sheet of the Giinz glacia- 
tion, In EberFs area it was smaller than Mindel eft: Riss. 
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Ebtbeat Staq-e§ of tbm Last Glaciation. — ^Numerous stages in the 
retreat of tlie Wiirm Glaciation have been dtstingnished. In many places 
there is a double belt of terminal moraines, caled the outer and inner “ Young 
End-moraines.’' Penck and Bruckner distinguished two major mild oscffla- 
tions during the retreat (Lanfm and Achen), but abandoned them later. 
The later halts, or re-advance phases, called Bithl, Gschnitz and Dami^ with 
terminal moraines inside the mountain valleys, are the most Recent phases 
in the retreat. Biihl has been' correlated with the Pomeranian phase by 
many authors, especially by Penck and Soergel, but WoMstedt (19286, 
p. 234) has produced serious arguments' against this view. Biihl appears 
much too small to be correlated with ...a phase of the intensity of the 
Pomeranian. 

Detailed Relative ChbonoxiOGy' of the Ice-Age in the Geeman 
Alps. — ^The points mentioned so far have provided the skeleton for the 
divisions of the Alpine Pleistocene, and also for their correlation with the 
north German phases. It has to be admitted that, on broad Hnes, the 
correlation of Wiirm with Weichsel C young moraines ” and glacial lakes), 
Riss with Saale, and Mindel with Elster (the two old bottom moraines with 
the greatest extension), appears to be reasonable. It is not surprising that 
there is no xmdisputed equivalent of Giinz in north Germany, this glaciation 
having been much smaller than the two following. 

As in the area of the Scandinavian glaciation, so in the Alpine area, 
field-work has produced evidence that, in reality, the divisions of the Ice-age 
are more complicated than is implied by the conventional interpretation of 
the fourfold Penck and Bruckner scheme. Nearly twenty years after the 
conclusion of the Alpen im Eiszeiialter^ Eberi and Kmauer, independently, 
found a series of important subphases, 

Ebeel’s Detailed Cheonology. — ^Eberl {1928a, 6, 1930) studied the 
glacifluvial terraces and morainic deposits of the glaciers of the Bier and 
Lech valleys in western Bavaria, and of the three smaller rivers, Giinz, 
Mindel and Wertach. This is the classical area of the Deckenschotter (the 
Giinz and Mindel rivers lent their names to the respective glaciations). The 
Hler-Lech area is a dissected plateau which, throughout the Pleistocene, has 
been m a state of gradual uplift, in eoimection mth the rising of the Alps. 
Erosion, therefore, was intensified, and the phases of glacial and glaciiiuvial 
aggradation are more clearly separated than iu other areas, where they are 
obscured by frequent superposition. 

Eberi found that the Low TerraiCe, High Terrace, and the Deckenschotter 
are composite formations, each comprising several phases due to fluctiiations 
of the ioe-mai^m. He followed the individual tracts of glacifluvial gravel 
' upstream until the gravels began to contain an incfeasing proportion of 
unstratified moraine, and finally were replaced more or less entirely by 
morainic material. In this maimer he was able to reconstruct the ice- 
marginB of phases the superficial features of which had been completely 
obliterated by denudation. 

The Low TBBEAOB.“The Low Terrace is divided into three phases. 
The second of these corr^ponds to the outer belt of terminal moraines of 
the Last Glaciation. Its passed over the moraine of the first phase, 
which was smaller^ erodmg and transforming it into a group of hillocks of 
the type called drumlin.t The third and latest phase of the -Low Terrace is 
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coBiaected with a moraine inside the outer belt. The subdivision of Wiirni 
into three phases thus is evident. The second phase was the largest, and 
built up the conspicuous Young End-moraines. 

The High Tbebace. — ^T he High Terrace is connected with the moraines 
called Eiss by Penck. ^ In Eberl’s area it consists of two distinct glacifluvial 
terraces, each of which is linked with a set of moraines, Eherl emphasizes, 
the fact that this knowledge is not new, Penck, Troll, Sehmidle and others 
having recognized before him the bipartition of the High Terrace. 

. Eherl found that the moraines of his second Eiss lie inside those of the 
first phase, but the two belts are always closely grouped together. He also 
found evidence suggesting a re-advance during the retreat of Riss 2. 

The Youhgbe Beckebschottee. — Eberl distinguishes a large number 
of phases 'in the Deckenschotter group of aggradations. Yet his divisions 
are' nothing but a refinement of Penck’s original divisions. ■ 

The younger Deckenschotter, or Mindel, is renamed by Eberl and called 
Altterrasse Old Terrace ’’). It is composed of two phases, the later of 
which is more distinct and connected with the moraines generally defined 
as those of the llindel Glaciation. The earlier Altterrasse is separated from 
the later by a period of erosion and weathering. This shows that the 
corresponding glacial phases cannot have been mere sub-phases of a single 
major phase ; they were separated by a prolonged period of mild climate. 
The moraine with which the earlier iltterrasse is comiected lies inside the 
morainic belt of the later ^lindel ; Mindel 1 was smaller than Mindel 2. 

The Oldeb Deceejs^sohotteb. — The older Deckenschotter has been 
subdivided by Eberl into seven stages. Only the two latest of these, how- 
ever, are to be identified with Penck’s Giinz -Deckenschotter, and Eberl 
uses for them the special term Deckterrasse Cover Terrace ”). The 
younger Deckterrasse is clearly linked with a moraine, inside the belt of the 
later moraines of Mindel age. The older Deckterrasse can be foliow^ed 
upstream until it assumes the characters of a cone of transition to a moraine, 
but the material of the terminal moraine itself is not preserved. Prom the 
position of this cone, however, the terminal moraine of Giinz 1 must have 
been situated inside that of Giinz 2. 

Thus, each of the following five glacial phases was larger than the 
preceding : Giinz 1, Giinz 2, Mkidei 1, Mindel 2, Eiss 1. This need not, 
however, apply to other districts. 

The I^E-GfiNZXAH Deckenschotteb. — ^Having eliminated all those 
gravel-spreads which could conceivably form part of the two Giinzian 
Deckenschotters, or Deckterrassen, Eberl was confronted with a considerable 
number of other occurrences of gravels of the Deckenschotter type which 
required an explanation. They could not possibly be later than Giinz, and 
did not belong to the Giinzian complex either. 

Eberl distinguishes five such phases, of which three are called the Donau 
(Danube) stages. These gravels, though evidently very old, still have a 
giacifiuvial character. Certain morainic deposits, observed underneath the 
ground moraine of Giinz 1, may be contemporaneous wdth one of the Donau 
stages. It is also claimed that there are deposits of weathered loess which 
have to be correlated with the Donau stages. 

The Donau gravels of the lUer-Lech area find a counterpart in the 
pre-Gimzian gravels of the country west of Basle, the Swmgau gtavda 
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(GutzwiUer, 1912 ; van Werveeke, 1924). They, too, are considered as 

glacifliiTlal by the authors mentioned, . i • n 

Eablibst Phases.— The two earliest gravel deposits differ petrologicaiiy 
from ail the later deposits, since they contain a larger amount of crystalline 
pebbles than do the later deposits. The SMnfemherg are separated 
from the Donaii stages- by an erosional cliff. Eberl is not certain about 
their glacifluTial origin. - . The OUobewen gravels are the highest known 
gravel deposits of the liler-Lech area. They are certainly not of glacifluvial 
origin, but purely fluviatiie,.nnd of a Pliocene aspect. 

EBEEL^s Relative Chbo^stolo'gv : Summaby. — ^F rom the last phase of 
Wiirm back to the first ' phase of Riss, .EberFs subdivisions agrw with those 
of several other recent workers on the Alpine Pleistocene. His chief merit 
is the close study of the Deckenschotter complex. This produced several 
hitherto overlooked glacial or other ag^adation phases, which find a coimter- 
part in certain terraces of the periglacial area, as will be seen later. EberFs 
subdivisions of the Deckenschotter are included in the correlation table, 
Fig. 17., 

■ . , 'Kn aueb’s CHBOHOiiOGV. — In the same year as Eberl, laiauer (1928) 
reported on the discovery of subdivisions in the Alpine Pleistocene. He 
investigated the eastward continuation of EberFs district, the Ammer Lake 
-Wimi- Lake area and the river Tsar.- He was able to identify : ■ 

V. Wiirm, phase lie (halt during retreat).” 

„ phase Ilfr „ „ 

„ phase Ila (maximum extension). 

„ phase I (halt during advance). 

IV. Biss, phase b (later moraines and gravels). 

„ phase a (earlier moraines and gravels), 
in. Mindei phase b (later gravels a-nd Nagelfiuh). 

„ phase a (earlier gravels and Nagelfiuh). 

II. Giinz (Nagelfiuh). 

I. Stoffersberg Nagelfiuh (early Pleistocene or Pliocene). 


Knauer’s divisions are simpler than those of Eberl. He distinguishes 
two moraines of Bissian age, of which the earlier is superimposed on a deeply 
weathered moraine regarded as Mindel 2. This, in turn, covers a weathered 
loess (Mindel 1), and the entire section rests on deeply weathered Decken- 
schotter, possibly of Gunzian age (Khauer, 19B8a). The number of glacial 
phases again exceeds the number four ori^aUy postulated by Penck and 
Bruckner, whose divisions now assume the rank of major units C glaciations’’) 
composed of several minor phases glacial phases/’). 

* iVom the^Lech to the Isar such subdivisions have been established. 
This is an important result, no matter how the individual phases will even- 
tually be correlated with those of adjacent districts, since the number four 
of the Alpine glaciations has been used as an argument against a more 
detailed chronology of the Pleistocene. It has now become apparent that 
the numerous cold phases evidenced by loesses and gravel terraces in the 
periglacial area of central Europe have their counterparts in the phases 
of the Alpine glaciations. 



FOBMEBLY ei^CIAYEB ABEAS 


m 


The Pbobebm oe Wubm 1 m Bayabia*— Eberl as weU as Knauer consider' 
the second stage of Wiina as the largest. In' other words, they recognize 
an oscillation during the advance of the Wten ice and call it Wlinn 1. Troll, 
however, another authority on the glacial deposits of the forelands of the 
Alps, does not agree with this view, and a- controversy on the subject has 
developed and m still continuing (Ejianer, 1935, 1937, 19386; Troll, 1936), 
Knaner’s attempt to interpret in the same manner conditioiis in north 
Germany may be considered as a failure (see p. 39, and Eiiauer, 1937, 
Gripp, 1940). 

The question whether the first phase of Wiirm was larger or smaller 
than the second does not affect the detailed chronology as such, but it 
introduces a serious uncertainty into the correlation of the Alpine phases of 
Wiirm with the established cold phases of the periglacial area and with the 
north German phases. It is necessary, therefore, to consider this question 
further. This will be done after a short review of the Swiss evidence. 

Apart from the problematical advance stage, the major phases of the 
Wurm glaciation are considered as fairly . clear. There are three, each 
successively smaller than the preceding. They have been named as follows : 


Third phase . 
Second phase 
First phase . 


Troll, 1026 
(Bavaria). 

Olkofen 

Ebersberg 

Kirchseeon 


TroU, 1925 
(Lake Constance). 

Singen 

• Di^ssenhofen 
Schaffhausen 


Hug, 1017 
(Switzerland). 

Ziirich 

Schlieren 

Killwangen 


Troll (1925) proposed for general use the terms of the Lake Constance 
area, but Woldstedt (19286) prefers the Swiss terms of the Lake Zurich 
region. Woldstedt is inclined to regard these three phases as equivalents 
of the Brandenburg, Frankfort and Pomeranian phases in north Germany, 
and finds support for his view in the correspondence of the relative peri- 
pheric positions of these phases. This point, too, will be discussed later 
(p. 172). 

Swiss Chbokology. — ^In Switzerland it was found that the Wurm, 
Mindel and Giinz glaciations are represented in much the same way as in the 
German Alps, namely, Wiirm by fresh moraines and the Low Terrace, and 
Mindel and Giinz by stages of Deckenschotter. The High Terrace, however, 
is held by some not to be connected with moraines, but a Middle Terrace 
has been distinguished which is linked with the moraines of the so-called 
Greatest Glaciation (Heim, 1919). This glaciation has been correlated by 
most authors with the Hiss of the German Alps, but Soergel (1919) considers 
it as the equivalent of the fifth glacial terrace and the Younger Loess I of 
the periglacial area. 

Tti recent years extensive research has been carded out by P. Beck 
.(1933, 1936, 1937, 1939), oMefliy on the Aare Glacier which filed the valley 
now occupied by the lakes of Thun and Brienz. He discarded the Greatest 
Glaciation as being based on insufficient evidence (Heim already identified 
it occasionally wiiih Eiss), but found two distinct glacial phases intercalated 
between the Deekenschotter and the H^h Terrace. Beck’s chronology is as 
follows (after Beck, 1937) ; . .. 
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Late O-Iaeial. 

Three stages. ' 

1 Zimdi . 

■ Inner Young End-moraines, mostly enclosing lake 
basins, and lowest Low Teriaee. 

. ScMieren 

v; Middle Young End-moraines and middle Low Terrace. 

Kiilwaugen 

Outer Young End-moraines and main Low Terrace. 

’Riss4riirm Iiiterglaeial 

Gravels. 

.. Lftte-Riss .... . 

Inner belt of Old moraines and lower High Terrace. 

i^iss (^.p^at-Riss 

Outer belt of Old moraines, maximum glaciation, and 
upper High Terrace. 

Cfiutscli-Riss Interglacial 

Channel -gravels below Riss moraines. 

Oiutseh. . ' . . ,.j 

Moraines intercalated in Channel-gravels. 

Kander-GIiitsch Interglacial . i 

Channel-gravels below Gliitscii moraine. 

■ICander' . . . . /J 

Moraine between Channel-gravels and rock. 

Mindei-Kander Interglacial . 

Erosion of chamiel-like valleys. 

Mindel .... 

Moiaines connected with lower, younger Decken- 
i schotter. 

Ounz-Mindel Interglacial 

Erosion. 

Giinsi . . . 

Moraines connected with upper, older Deckenschotter. 

Pregiinz 

Very high, intensely weathered gravels of Sundgau. 

Astian-Flaisancian (Tertiary) . 

Marine clays and sands with fossils in southern Alps, 



- - - — — - 


Oae notices that Beck has retained the terms Giinz and Mindel for two 
glacial phases or glaciations of the Deckenschotter, The Deckenschotter 
period is succeeded by a period of erosion, resulting in a deepening of the 
valleys to much below the present leveL After this, two glacial phases 
occurred which have not yet been identified in other districts of the Alps. 
They are called Xander and Giiitsch, and their moraines, together with 
gravels, filled the valleys up to the level of the High Terrace. The glacial 
phases Giiitsch and Kander appear to have been less extensive than the 
following, Riss. According to Beck, Rias is connected with the High Terrace 
in Penck’s sense, and it is divided into two phases. . The Wiinn glaciation 
is divided into the usual three phases, from the maximum extension on- 
wards. EberFs advance-phase of Wiirm has not yet been identified in 
Switzerland. 

Beck distinguishes six major glaciations, with at least nine recognizable 
phases. Those of the Wium .and Riss glaciations are essentially the same 
m thc«e further east, except for the absence of the advance-phase of Wiirm. 
Beck did not subdivide the Deckenschotter complex. His discovery of the 
glacial phases EAnder and Giiitsch, however, is remarkable. They post- 
date the Deckenschotter and the great erosion of the valleys, but ante-date 
Biss. 
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Rhine Tereaces between Constance anb Basle. — ^From the pre- 
ceding review it is clear that the evidence for the succession of glacial phases 
ill the Alps embraces two obscure points of major significance, namely, (a) 
that of the phases of Wiirin, and {b) that of the relation of Riss to the pre- 
ceding phases, Gliitsch and Kander, which have been claimed by Beck, 

In the hope of throwing some measure of light on these problems the 
present author, Jointly with Mr, Day Kimball, has undertaken an analysis 
of the terraces of a crucial and weU-studied area, that of the Rhine from the 
point where it leaves Lake Constance down to the knee at Basle, where it 
enters the rift valley between the Vo^es and the Black Forest. The 
details of this investigation are too complex to be given here ; they are 
being published elsewhere (Zeiiner and Kamball,’ 1944). The main results, 
which are corroborated by those of several other investigators, notably 
■ of Erb (1936), are as follows : , . 

(m) The “ Greatest Glaciation ” is connected with the Low High Terrace 
(i.e. in part former Mddle Terrace) and, therefore, Riss. The interpretation 
of the Greatest Glaciation as the &st pha.se of Wurm (Soergel, 1919) cannot 
be upheld. 

(b) The Upper High Terrace {i,e. the ordinary High Terrace of most 
authors) appears to contain the moraines of a relatively small glaciation 
(first noted by Heim, 1919), which on the evidence of sections at Lake 
Zurich (Hug, 1932 ; Beck, 1933} is Beck’s Gliitsch phase. Since the Upper 
High Terrace has always been included in the Riss ” complex, the Gliitsch 
phase is possibly nothing but the first, smaller, phase of Riss, and the 
duplication of the extreme moraines of the Greater ” Riss, observed by 
Eberl and Beck, may be the result of a minor oscillation during Riss 2, 
This, at any rate, is suggested by the Rhine terraces. 

(c) Whatever the outcome of the controversy over the moraines, as given 
under (6), may eventually be, two distinct terraces of the Biss complex have 
been recognized in the Rhine, as in the Aare by Beck, in the Hler-Lech area 
by Eberl, and previously by Penck and others along the northern fringe of 
the Alps. 

With respect to the Low Terrace group, which coimects with the outwash 
fans of numerous terminal moraines of the Last Glaciation, it has been 
found that — 

(d) Three independent Low Terraces exist, which are separated by two 
phases of intense erosion. They suggest three phases of the Last Glaciation. 

(e) The High Low Terrace comes from moraines of the Schaffhausen 
phase, the Middle Low Terrace from those of the Diessenhofen (Scharen- 
wald) phase, and the Low Low Terrace from those of the Stein-Singen phase, 
the fet of these being the largest, the last the smallest. This result supporte 
Troll rather than Eteri or Knauer. 

Glacial Phases of the Alps : Summary. — I t must te emphasized that ’ 
the disagreement of the various workei^ on, Alpine glaciations Is chiefly 
confined to the question of the relative extension of the glaciers during the 
respective phases. Their number^ which is based on the number of aggrada- 
tion terraces, is much less disputed; The foEowing seems to te a fair 
summary of the present state of our knowledge ; 

(1) There are fbree Low Terraces conneeted 'with moraines of fresh 
topography and, therefore, three main phases of .the Last Glaciation (Wurm), 



48 


THE PIiMBTOOEKE FEEIOD 


(2) There are two High Terraces and, therefore, two main phases of the 
Penultimate Glaciation piiss). 

(8) There are suggestions of minor phases of Riss. 

(4) Riss was preceded by a period of very deep valley-cutting during 
which the main features of the present-day topography were estabhshed. 
This is the Great Interglacial of Penck and Briickner, It was presumably 
of very long duration, 

(5) In Switzerland, Beck has evidence of two minor advances of the ice 
following the main valley-cutting but preceding the glaciation of the Lower 
High Terrace (Giiitsch and Kander phases). Of these, the earlier (Kander) 
is vary obscure, whilst the later is possibly synonymous with the first phase 
of Riss, apparently being the glaciation of the Upper High Terrace as defined 
in the Rhine area. 

(6) The Deckenschotter comprises more than two glacial phases. 

(7) The Antepenultimate Glaciation (Mindel) was approximately’ as 
large as Riss, though in many districts it remained somewhat smaller. It 
had two phases. 

(8) The Early Glaciation (Gnnz) was a smaller glaciation, perhaps com- 
parable in size with Wiirm, but its moraines are little known so far. It also 
had two phases. 

(9) The higher and earlier portion of the Deckenschotter comprises five 
more phases of aggradation, four of which are regarded as glacifluvial by 
EberL 

If one pays attention to the relative extension of the phases of the Last 
Glaciation one finds that it is stiH a matter of controversy in the Alps, as in. 
the Scandinavian area of glaciation. Here and there the problem is the 
.same, namely, whether the fibrst of the three phases was larger or smaller 
than the second. In the Rhine area, Wiirm 1 (Schaffhausen Phase) was 
larger than Wiirm 2 (Diessenhofen Phase), and this larger than Wiirm S 
(Stein-Singen Phase). These conditions are comparable with the Warthe 
(Haming moraine), Weichsel (Brandenburgian moraine) and Pomeraiaian 
phases of North Germany, but in Bavaria Wiirm 1 is regarded as smaller than 
Wiirm 2 by Eberl and Knauer, but not by Troll, rendering it as elusive as the 
equivalents of the Warthe phase in Jutland. 

A similar xmcertainty is attached to the two Alpine phases of the Pen- 
ultimate Glaciation. In the Rhine area Riss 2 appears to have been larger 
than Riss 1, but in Bavaria, for instance, Riss 1 is said to have been larger 
than Riss 2, though only slightly so. The Rhine area is in this respect 
again reminiscent of north (^nnany. 

In view of the uncertainties attached to the Alpine phases, it is inadvisable 
to continue applying the Alpine terms to other areas of glaciation. In the 
present context, therefore, Wiirm, Riss, Mindel and Giinz, in the wmbhre- 
noted form, designate phases of the Alpine area of glaciation. For general 
purposes the* terms Last Glaciation, Penultimate Glaciation, Antepenulti- 
mate Glaciation and Early Glaciation will be used. 

n., NORTH AMERICA. 

• The North American area of glaciation was much larger than the 
European. It has been admirably studied by many workers both in Canada 
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and tlie United States, and seTeral comprehensive publications have appeared 
(for instance, G. F. Wright, 1911; Chamberlain and Salisbury, 1906; 
Coleman, 1926, 1941 ; Antevs, 1928*). , 

As in Europe, the glacial period in -North x4m6rica comprises several 
separate glaciations.^ The kind of evidence afforded for the interglaeials is 
the same .in. both. continents ; .there .are interglacial fossiliferoiis bed.s as.. well, 
as weathering horizons. The latter have received more attention in North 
America than in Europe, and a special term, giimbotil^ is in use to designate 
decalcified, loamy weathering soils, chiefly formed on boulder-elay. 

Noeth Ameeican Divisions. — ^The following divisions have been dis- 
tinguished : 

^ Late x>hase. 

Wisconsin Glaciation < Mddie phase. 

( Early phase. 

. ..Peorian Interglacial. 

Iowan Glaciation. 

Sangamon Interglacial. 

Iliin.o.ia.n Glaciation. 

Y armouth Interglacial, . 

Kansan Glaciation. 

Aftonian Interglacial. 

Nebraskan Glaciation. 


The dej)osits of the Wiseonsm Glaciation exhibit the same fresh morpho- 
logical features as those of the Weichsel Glaciation in Europe, and a corre- 
lation of these with the Wisconsin is considered as justified by many authors. 

Peoblem of the Iowan. — ^The three earliest glaciations (Nebraskan, 
Kansan, lUinoian) are represented by sheets of boulder-ciay, well separated 
by gumbotiis. Regarding the Iowan, however, opinions are not unanimous. 
Its boulder-clay rests on a gum.botil and is covered by a loess (Peorian loess). 
According to Kay ( 1928 ), weathering affected the loess and the moraine to- 
gether, so that the formation of this loess appears to have followed ^closely 
the formation of the boulder-clay. The loess, in turn, is covered by deposits 
of early Wisconsin age in many sections, with no, or inconsiderable, weather- 
ing of the surface of the loess. Kay ( 1928 ) and Woldstedt ( 19286 , 1929 , 
1980 ), therefore, suggest that the Iowan is the earliest phase of the Wisconsin 
Glaciation. 

Leverett ( 1910 , 1926 ), however, has attempted to link the Iowan with 
the preceding glaciation, the Illinoian. He holds the view that during the 
ntnoian. the centre of glaciation was displaced in a westward direction and 
that the Iowan is nothing but the western' equivalent of the Illinoian. This 
view would find support In the fact that apparently nowhere is the Iowan 
clearly superimposed upon Ulinoian moraine, 

'There is, however, the section of Farm Creek, near Peoria,, which rests 
on undisputed Illinoian boulder-clay, and suggests that 'the Iow§n was, after 
all, a fairly independent glacial phase.' The section (Leighton, 1926) is as 
follows: , . ' ■ ■ , 

A good short sunmmry is found in Woldstedt, 1029. , ■ . -i/ 
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Wisconsin 


Peorian : 
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4|-7| ft. 

0~4 ft. 
B2 ft. 


Soil ' 

Leached loess 
Fresh loess i 
Bloomington gravel . 

Sheibivilie till . 

„ unconformity. 

Loess, with humus streak 2 in. thick about 
10 in. below the till . . . Oft. 

Sangamon : OH soil ...... Hi ft. 

Loess-Hke silt (weathered loess) ■ ■ . .. 7~8::ft. :: 

Illinoian : Gumbotil 4 ft. 

Grades into calcareous till. 


The Illinoian bouIder-cIay is deeply weathered. A loess rests on it, the 
uppermost one or two feet of which are transformed into a soil. It is 
covered by the Peorian loess, on which follows the Wisconsin boulder-clay 
with an unconiormity caused by the denudational activity of the ice. The 
intense weathering after the Illinoian, and the less intense but distinct 
weathering preceding the Peorian loess, individualize the intermediate loess, 
which is called Sangamon by Leighton but which Woldstedt prefers to call 
Iowan loess. It indicates a dry pliase intervening between the Illinoian 
and Wisconsin, 

SuBDivisiOKS OF THE WISCONSIN. — ^The subdivisions of the Last Glacia- 
tion of North America are of particular interest as they offer a parallel to the 
development of the Weichsel Glaciation of north Europe. A number of 
terminal moraines have been distinguished. It is best to use the names 
established on a line from New York to the Hudson Bay. This line is 
famous for the varve-countings carried out by Antevs (1928). The chief 
morainic stages, from the latest to the earliest, are as follows : 

Cochrane, Ontario. 

Montreal Biver, Ontario. 

Mattawa, Ontario. 

Stony Lake, Ontario. 

St. Johnsbury, Vermont. 

Hartford, Connecticut, 

Harbor Hill. 

Ronkonkoma on Long Island. 


The Harbor Hill and Ronkonkoma stages he very close together and have 
mostly been considered as being close in the chronological sens© also. 
Recen%, however, Bryan and Ray (1940) have suggested, on the strength 
of differences in weathering and preservation, that the Ronkonkoma is 
considerably older than the Harbor Hill stage, and they tentatively cor- 
relate the fbrmer with the Iowan. The Harbor Hill moraine would thus 
be the matimum.of the Wisconsin, and the Peorian of the Farm Creek 
section would intervene between the Ronkonkoma and Harbor Hill stages. 

Of the further stages of retreat, the St. Johnsbury mbraine is of special 
important. 
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Loess occurs on morainic deposits of the earlier phases of the Wisconsin 
glaciation. 

CoBRELATiON OF NoRTH Ai^ibriga. WITH EuROPB. — ^The first attempt at a 
comparison of the North American Pleistocene with that of Europe was made 
by Leverett (1910). . Having visited the Alpine and Scandinavian areas^ 
he correlated the Wisconsin with Wiirm, the Kansan with Mnadel and the 
Nebraskan mth Giinz, whilst the IlMnoian appeared to him older than Eiss, 
His comparison with North Germany includes an attempt to correlate the 
lower of the two old boulder-clays' of north Germany (now called Elster) 
with Giinz, which is certainly not In keeping with the evidence ; but he 
agreed that the area of the Weichsel Glaciation corresponds to at least part 
of the Wisconsin. It is interesting to note that he was inclined to regard 
part of the Alpine liiss and part of the Saale area of north Germany as 
possible equivalents of the earlier Wisconsin.. This shows, from the European 
standpoint j thatj at that time, the;,.. American. Wisconsin co.mprised stages 
which are older than Weichsel, and this .recalls once more the question of 
what the Iowan and the Ronkonkoma stage 'really are. 

More recently Woldstedt (1930) visited North America with the view to 
investigating the possibilities of a correlation, especially with north Germany. 
He found that the middle and late Wisconsin compare well with Weichsel or 
W'urm, but the early Wisconsin appears to be older than the Weichsel 
Glaciation. Woldstedt suggests that the Iowan is either the equivalent 
of the Wartlie phase, or of the Middle Bed of the Last Interglacial of 
Denmark (which, however was of little intensity, see p. 35). The lilinoian 
compares well with Saale or Riss. More doubtful appears to him the cor- 
relation of the Kansan and Nebraskan. There is only one certain pre- 
Saale glaciation in north Germany, but there are two pre-Rissian 
glaciations in the Alps. One is tempted to correlate Kansan and Nebraskan 
with Mindel and Giinz respectively {as done by Leverett), and if Elster is 
contemporary with Mindel, it would also be the equivalent of the Kansan. 
In the state of preservation, however, Elster resembles the Nebraskan rather 
than the Kansan, but it is implied in'Woidstedt’s words that he considers 
the former correlation as the more probable. 

The Iowan occupies much the same position as does Warthe in north 
Germany. It has been annexed by some to the preceding glaciation, by 
others to the following. This, indeed, suggests that they are equivalents 
of one another. Bryan also holds tills view. If Bryan and Ray are correct 
in considering the Ronkonkoma moraine as Iowan, the resemblance of the 
Iowan with the Warthe stage would be very close. Recent research has 
supplied evidence for Warthe being closer to Weichsel than to Saale, and 
for the Iowan being closer to the Wisconsin than to the lilinoian.* 

.th©: Ronkonkoiiia moraine is of ..Iowan .age,.: ..the .Harbor.. Hill .stage 

would represent the maximum of the Wisconsin Glaciation and, therefore, 
correspond to the Brandenburgian ' of north Germany. This is suggested' 
by Bryan and Ray (1940). These authors are further inclined to correlate 
the St. Johnsbury stage with the Pomeranian, and the Cochrane stage 
(though with a query) with the Fennoscandian halt. , 

* On correlation of Horth Amerioafinid Earop%»ap»& also Oirmounsky (1031). 
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E. EELATIVE CHRONOLOGY OF ^I4IeAL 

SCANI)INA\HA, ALPS AND NORTH AMERICA: GENERAL 

SUMMARY ANT) CORRELATION. 

In all three areas nnder consideration, unambiguous evidence has 
proved the multiplicity of glacial phases. These are summarized m the 

^^^Sc!SDINAVIA^' Abba. — In the Scandinavian area, and in north Germany 
in particular; three great glaciations can he dist^mshed ^th certainty 
(Elster, Saale, Weiehsel). To these has to be added the Marthe Phase 
■which preceded Weiehsel, either as an independent glaciation or as a glacial 
nhase. Weiehsel, from its maximum onwards, shows three major halts 
of the ice-margin (Brandenburgian, Frankfurt, Pomeranian). There is, m 
Denmark, evidence for a minor cold phase which occurred during the Last 
Interglacial. Glacial phases preceding Elster, the earliest well-establisiiecl 

phas^ have been r^ostnlated, but are still doubtful. ^ 

Alpike Abea. — I n the Alps four great glaciations have been distin- 
CTished. The last three (Mindel, Riss and Wiimi) agree in many respects 
with Elster. Saale and Weiehsel of north Gemiany. The Giinz Glaciation 
of the Alps has not yet been identified in the Scandinavian area, unless it is 
represented by one of the problematical pre-Elster phases. ^ 

The Alpine glaciations, Biss, Mindel and Gtoz, each consist of two 
glacial phases which are separated by interstadials with ^ ^^ild climate. 
Wurm appears to comprise three such phases. Several glacial phases pre- 
ceding Giinz have been recognized, and one or two further minor phases 
may have preceded Biss in Switzerland. ^ 

CoMBiisFATioH OF THE Two EtJBOPEAisr Abbas. ^Thus, evidence in nortii 
Germany and in the Alps suggests the foIlo-wing succession of cold phases in 

temperate Europe ; , t., • ^ i i u . 

The transition from the Pliocene to the Pleistocene is marked by at 

least three cold phases. 

•The Early Glaciation comprises two phases. 

The Antepenultimate Glaciation comprises two phases in the Alps. 

The following Great Interglacial, which was of long duration and during 
which considerable erosion took place, possibly iucludes one or two minor 

glacial phases. . t. 

The Penultimate Glaciation comprises two phases m the Alps. It was 
the largest glaciation in many districts, though it was locally exceeded by 
the Antepenultimate Glaciation. , , , . 

During the Last Interglacial a cold oscillation occurred, but the climatic 
effects suggest that no large ice-sheet was formed. 

The Warthe phase of the Scandinavian area is either the first phase 
of the Last Glaciation or a late phase of the Penultimate Glaciation. It 
might correspond to a relatively small advance phase of the Last Glaciation 
observed in the Alps, or to a retreat phase of Riss hbserved by Eberl only. 
T6 the present author, bpwever, it appars more likely that the Schaff- 
hausen Phase of the Rhine Glacier is the Alpine equivalent of the Warthe 
Phase. 


■I’OEMEELY aEACmTEB: ABE AS 



Alpine 

AREA 

Scandinavian 

AREA 

GENERAL 
TERMlNOLOGy , 

North American 

AREA 

■ 





0f€0F THE STAGES IN* 
S?D£ THEnOUNTAiNS 

FENNOSCAHDIAN 

fiORAlNE 

-j 

U4 

CO 

X 

o 

Ui 

y 

S!" , 

LG13 2 

■■ S ' 

■ ' O' . , ' 

LG12 5 

■ o 

1— ■ 

LGII 3 

?C0CHRANE 

STAGE 

S 

C0 

O 

Of 

cr> 





LOW tow TESRACE 
'EORfCH ^STESN PHASE 

POMERANIAN 

MORAINE 

SllOHNSEURY 

MORAINE 




.^'IJDLE LOW TERRACE 
’OftSSENHOFM PHASE 

bFRANKFORT-POSEN 

a.&RAND£N8URSiAN 

HARBOR HILL 
MORAINE 



PEORIAN 

iWTEBSTADlAL 

HIGH LOW TERRACE^ 
“■5CHAFFHAUSEN PHASE 

FLAMING OR 

WART HE PHASE 

IOWAN, ? = 
RONKOHKOHA 



o 

cc 

UJ 

f- 

s 

5 

SKARUMHEDE 

SERIES 

-J 

o 

a: 

tu 

►r 

-j 

LAST 

Llgl 

INTERGLACIAL 

SANGAMON 

INTERGLACIAL 


OANISH flPtLE BED 


EEM 

SERIES 

tfi 

tow HIGH TERRACE 
•GREATEST GLACIATION 

SAME 
'■flOHAtNE ■ 

PG12 |2 

p;;, .<c 
■ O O' 

PGl I 

; iLliNOIAh 



li'PPER HIGH TERRACE 

2 ‘GLtiTSCH PHASE 




tSi 

tx 

)— 

GREAT 

INTERGLACIAL 

PEN* 

piol ULTiHATE 
INTERGLACIAL 

YARMOUTH 

INTERGLACIAL 

TGLOT5GHOFBECK 


KANDER^OP.BEGK^' 

k 

cc 

C5 


flINDEl 

■LATE' ALT TERRASSE 

cr 

Ui 

fe 

s 

CO 

LU 

Se; 

o 

lu 

o 

ELSTER MORAINE 

ApGl 2 ANTE* 
PENULTihATE 
ApGI 1 GLACIATION 

KANSAN 



EARUfvmTTERRASSE 

. 

to ^ 

w S 

« 'P 
S: 51 






Aplei ANTEPEH.INTFRG. 

AFTONIAN INTERCLACa 

N 

Z 

•2>' 

.•"'CJ',. 

lOWEaDECHTERRASSE 



EARLY 

£5j , GLACIATION 

2HEBRASKAN 




aPPER DECKTEaaASSE 






. 


DONAU GRAVEL IE 






DONAU GRAVEL! ■ 






RONAy 6RAVEL1 : 






SXAUFENIlRGSIWa 






OTTOBaiftEfIGRWa 




Fig. 17. — Cbirelation of the Pleistocene climatic phases of the Alpine, Scandi- 
navian and Horth American areas of glaciation, and their general terminology. 
For controversial points, compare text, ■ This correlation is not to be regard^ 
as hnal ; It represents the most probable interpretation of the seqnencw as 
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The Last Gkektion comprises three phases. It is iiiicertaiii, however, 
whether the first or the second was the largest,. , , ^ ^ 

The radial extension of the glaciers of the Iller-Lech area of the Alps is. 
compared with that of the Scandinavian iee-sheet in tho' following,. taMe. „ 
The figures for the former have been, based on Eberls data, and represent 
the relative distances from the nev^es in the Lechtal Alps to the terminal 
moraines. Occasional maximum advances are given in brackets. The 
figures for north Germany are the same as on p. 38 ; they are added for the 
purpose of comparison, and the correlation of the phases need not be correct. 
In the Alps, Mindel 2 was taken as the imit, in the Scandinavian area, Elster. 


Wiirm 3 

. 85*5% 

Pomeranian . 

. 87-6%. 

Wiirm 2 

. 95-5 (-102)%. 

Weichsel 

. 92-5%. 

Wiirm 1 

. 90% (Rhine, ca. 

Warthe 

. 95%. 


105%). 



Biss 2 , 

. 92- 5-98- 6 (-107)%. 

Saale 

. 97 •5-102- 5% 

BissT 

. 95-110 (-130)%. 



Mindel 2 

. 100%. 

Elster 

. 100%. 

Mmdei i 

. 95-96%. 



Giinz 2 . 

- 90%. 



Giinzl . 

- 81%. 




Noeth Ameeicak Aeea. — In North America five glaciations have been 
distinguished. The last, the Wisconsin, resembles Wiirm = Weichsel in so 
many respects that it has been correlated with these, as an entity as well as 
with its individual subphases. The Iowan occupies the same position in 
North America as does the Warthe phase in north Germany. The majority 
of authors now regard the Iowan as a forerunner of the Wisconsin, and some 
correlate it definitely with the Warthe phase. 

The earlier glaciations, the Illinoian, Kansan and Nebraskan, are regarded 
as the equivalents of Riss = Saale, llindel = Elster, and Gtinz, respectively. 

The resemblance which undoubtedly exists between the North American 
divisions and those of north Europe and the Alps has led to the assumption 
that the various glacial phases of North America were contemporary with 
those of Europe. Many observations support this view, but it must be 
admitted that definite evidence of contemporaneity has not yet been pro- 
duced, except perhaps for the latter part of the Last Glaciation (by means of 
varve countings). 

The morainic and giacifluvial subdivisions of the Pleistocene, both in 
Europe and North America, suggest intense fluctuations of the climate^ The 
rhythm of these fluctuations appears to have been peculiar ; there were two 
early and two late glaciations,, separated by a long interval (the Great 
Interglacial), and each of these four glaciations appears to comprise two or 
three distinct glacial phases separated by interstadials with a milder climate. 
In addition, a few minor cold phases occurred during the iiiterglaeials, and 
several very early glacial phases preceded the first commonly accepted 
glaciation. 

We shall now turn our attention to the periglacial area, in order to find 
out how far the relative chronology suggested by the morainic areas is 
supported by evidence from the zone the climate of which was directly 
affected by the glaciations. 


CHAPTER III 

:TH1:,P1E OF COKTIKBOTAL EUROPE 

a: THE PERIGLilCIAL ZONE, 

•Limits OF the Pebiolaciae Zone. — ^Areas the climate of which was 
mfliieiiceci by the cooling' effect of the ice-sheets were of considerable extent, 
both in Europe and North America. The limits of these perighciml arms 
towards the ice were, of course, well defined by the margin of the ic© itself, 
but it is more difficult to draw' a line between the zones wffiich show’ all the 
characteristics of a porigiacial climate and those which were less intensely 
affected. As regards Europe, it is known that In the Mediterranean area 
the typical Mediterranean fauna and flora was, during the glacial phases, 
largely replaced hj the fauna and flora of the deciduous forest zone of 
temperate Europe ; yet it is eyidently not advisable to include the Mediter- 
ranean in the perlglaeial zone for this reason. 

The term perlglaeial has generally been confined to the effects of heavy 
frost, ^he perlglaeial zone, or area, therefore, should be regarded as that 
zone sn^ounding ah ice-sheet, in which the cooling effect of the ice produced 
a frost climate.f At the present day frost climates characterize the polar 
region, thST" tundra of north Europe and the high mountains, where the 
average temperature is below' freezing-point for a large part of the year and 
where the warmest month averages less^than + The July 

isotherm of 10° C. roughly coincides with the northern iimit of forest 
...growth. .. ■ 

At its northern edge the belt of forests is replaced by the type of environ- 
ment called tundra, the zone of dwarf shrubs and mosses and of abundant 
peat formation. Under glacial conditions the tundra adjoined the ice, and 
it was combined with barren tracts of glacifluvial deposits, the sanders, and 
with patches of freshly deposited moraine. The cover of vegetation was 
by no means complete but, on the whole, conditions in the tundra and 
Sander zone of a perlglaeial area resembled those of the tundra zone of the 
present day. For short, the term tundra zone is applied to the tundra and 
Sander belt of a periglacial area. 

Unlike the present tundra zone, which j^ses into the zone of temperate 
forests, the tundra zone surrounding a large ice-sheet passed into the belt 
of dry and cold steppe in which the loess was deposited (me p. 4), and the 
loess zone in turn gradually passed into the zone of the temperate forest. 
It has been demonstrated before (p. 13) that the loess belt wm characterized 
by permanently frozen subsoil, and the temperature of the warmest month 
appears not to have exceeded +. (for details, compare Zeuner, 1937a). 
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It is appropriate, therefore, to ’incixide in the periglacial area the loess belt 
as well as the tundra belt. 

At the present day, the transition from tundra to forest is marked by a 
zone in which coniferous forest grows on tj»le. This type of forest is called 
kiiga. It has not yet been possible to ascertain whether taiga formed the 
edge of the loess-belt. Taiga, requires a short summer with average tem- 
perature above + 10® C., but the remainder of the year is very cold. In 
geological sections the -taiga would hardly leave other evidence than that 
of permanently frozen subsoil. For this reason it is advisable to consider 
as part of the periglacial area any taiga that might have existed at the 
margin of the loess belt. 

Taiga passes into the zone of temperate deciduous forest. This zone 
was removed to the southern portion of Europe under the influence of the 
glacial phases, but its chmate, though modified in some respects, retained 
its temperate character. The line between the periglacial and temperate 
zones during the glacial phases, therefore, is best drawn where the evidence 
of permanently frozen subsoil '-ceases, including the entire belt of loess 
deposition. 

The per%laciai area has furnished by far the most complete evidence of 
climatic oscillations during the- Pleistocene. A locality situated in this zone 
experienced a temperate climate (with forests, chemical weathering and 
erosion) during the interglacials and iaterstadials, and a frost climate (with 
loess steppe or tundra, mechanical weathering and aggradation) during the 
glacial phases, and it even in%ht occasionally have been covered by deposits 
of the ice itself during exceptional advance-phases. 

B. THE RIVER TERRACES OF CENTRAL EUROPE. 

Riveb Teebages of Thijbikoia.- — ^The rivers of the periglacial area with 
their systems of climatic terraces* (see p. 25) have supplied the most detailed 
relative chronology. Thuringia is the classical district in this respect. 

Here Soergel (1924) succeeded in establishing that, in the course of the 
Ice-age, the river Hm passed through ten phases of aggradation of gravel 
terraces, with intercalated phases of erosion. The aggradations proved to 
have begun while the climate was comparatively mild, but the upper portions 
of the larger aggradations showed evidence of decidedly cold conditions, 
and the top beds of the gravels pass either into a loess or into a varved 
cla}?- which, in turn, was covered' by a boulder-clay. This conformable 
superposition of glacial deposits on gravel terraces is of the greatest import- 
ance, since it provides the exact 'position of the two earlier Scandinavian 
glaciations (Elster and Saala) relative to the system of river terraces. 

In 1933, Toepfer, starting from investigations by Naumann and Picard 
(1915), confirmed many of SoergeFs results for the middle course of the 
River Saaie, of which the Ilm is a tributary. He found that the Penultimate 
or Saaie QIaoiation was actually one aggradation phase later then Soergel 
thought. The Thuringian river teiraces supply the follov/ing succession in 
<|escending order- as the termic^ .occur on the slopes of tlie valleys. It may 
be regarded as the prototype of the 'terrace sequence of central Europe. 

; ^ '-'‘-B%laeial terra<^ VH. ' ■ 

• terrace Vl.v 
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Preglacial terrace V, 

Preglacial terrace IV. 

Preglacial terrace III. 

Freglaeial terrace II. 

Preglacial termce I, covered, conformably by deposits of the Elster 
Glaciation (at Zwatzeaj-near Jena). 

Glacial terrace 1, highest terrace eontaiiilBg Sea-ncliiiavian erratics. 

Not covered by loess. ^ . 

Glacial terrace 2, covered conformably by an older loess and dis- 
conformably by deposits of the.Saale Giadation. 

Glacial terrace covered conformably, by deposits of the Saale 
Glaciation in the district of Halle and Weisseiifels. 

Glacial terrace 4, without loess. 

Glacial ten,*ace ,5^ grading, into.^ Younger- ..-liOe-SS'- 1. , 

Glacial terrace 6, grading into Younger Loess 2. 

Floodplain. 

It must be noted that the term preglmial does not mean pre-Pleistoeeiip, 
but .merely previous to- the first transgression of ice over the district. All 
terraces formed after this event are called glaciah These terms are not very 
fortunate, because of the ambiguities involved. 

Cold climatic conditions have been established, either geologically or 
fauiiisticaily, for all t-hese aggradations, except glacial terraces 1 and 4. 

Soergei is inclined to consider the floodplain gravels a-s aggraded during a 
latest cold phase, but no definite proof has. been obtained by Mm (Soergei, 
1939, p. 171, footnote), and he admits' other alternatives. Grahmann, 
however, regards the floodplain gravels of rivers in Saxony as a cold aggra- 
dation on. the evidence of peats with a cold, flora found beneath the HMxlern 
fioodloam (Grahmann, 1928, p. 146). 

Saale Tebracbs between Weissekfels ahb Halm.* — D ownstream 
of Naumbiirg, to which town Toepfer, Naumann and Picard foBowed the 
terraces of the Saale, the river enters the. North German Lowlands, where 

SiegertandWeissermeh Toepfer. 

1st preglacial terrace . . . - ? Preglacial T. IV. 

2nd preglacial terrace . . . . ■ - . . 1 Preglacial T. III. 

3rd preglacial terrace . . ■' . ' Preglaeial T. II. 

4th preglaeial terrace, conformably covered with 
thick deposits of Antepenultimate- (Elster) 

Glaciation . . . . Preglaeial T. I. 

Upper Main Terrace . . . . ’ . Glacial T. 1 and/or 2. 

Lower Main Terrace, conformably covered with. tMek - 

deposits of Penultimate (Saale) Glaciation *■ Glacial T. 3. 

2nd Interglacial Terrace, claimed to have been' ®*:once 

more overridden by ice '' in northern area . Glacial T. 4 or 5.' 

Postglacial Terrace, followed by Younger 'Loess • Glacial T, 5 or 6. 
Floodplain . ; .. . .. . . Floodplain. 

* Tbe following details are necessary to show that certain ambiguities exist in the 
eotrelatidn of the terraces of the higher and lower- course of the river. Eeaders not 
interested in these details 'may pass, on., to the summary,- p. 60. , 
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solid older formations form islands only m a thick cover 

and Pleistocene sands and clays. In this area especialj^ 

fels and FaHe Siegert and Weissermel studied the deposits of the Saale (1906^ 

Sl lT and obtaiifed very important results concemi^ the comection of 

some’of the terraces with deposits of the Scandmavian glaciations. The 

following table gives their terraces, and the equivalents in the middle course 

of the Saale (see bottom of p. 57). iir,«tT-eflTn 

The correlation of Siegert and Weissermel s terraces with those upstream 

i« only in part based on measured heights above the f ^ 

being^provided bv the conformable superposition of glacial deposits (a) on 
the Ith preglacial terrace of Siegert and IVeissermel and on the Preglaeial 
Terrace I of Toepfer, and (6) on the lower Mam Terrace of Siegert and 
wJssermel and Toepfer’s evidence that his Glacial Terrace 3 is the terrace 
iiYimpfliatelv followed by tb© Peiiiiltini3»t6 Giaicia/tion. 

The Upper Main Terrace of Siegert and Weissermel, l^wever, 
upstream into the Naumbuig area by Naumann and Picard (191o), has b^n 
s4divided by Toepfer into his terraces 1 and 2 (the 
one or two points of Siegert’s Lower Main Terrace (Sie^rt, 1909). Whethei 
the Upper Main Terrace corresponds to Toepfer s T^ace 2, or to his 
Terraw^I, or to both these terraces, is difficult to decide on the evidence 
available. In any case it is certain that, whilst two terra^s appear to mter- 
vene between the Antepenultimate and Penultoate ™ ^ 

m iddl ft course of the river, downstream m the Halle area the same may, 

but need not be true. , . _ 

A more serious difficulty is encountered m connection with Glacial 
Terrace 4. This terrace has, by Toepfer, been equated with Nauma^ ^d 
Picard's 2nd Interglacial Terrace in the area common to these investigators 
(Toepfer, 1933, p. 44). He was, of course, entitled to do so, smee both he 
and Naumann and Picard considered precisely the same localities, but ^e 
question arises whether Naumann and Picard were right m identity^ tins 
terrace of the middle course with the terrace of the Halle area cailed ind. 
Interglacial Terrace by Si^ert and Weissermel. This ass^ed connection 
is an old one ; it goes back to Siegert (1909), who connected the Koppelberg 
near Kosen (12 m. above floodplain) with the locahty Salpeterhutte near 
Weissenfels (“ few m. above floodplain ”) over a distance of 18 km. ihis 
connection is open to criticism. 

In the area of Toepfer, Naumann and Picard, two low terraces are 
observed (Terraces 5 and 6 of Toepfer, Postglacial Terraces a and o of 
Naumann and Picard) below Terrace 4, i.e. three terraces in all post-date the 
Penultimate Glaciation. The bench of Terrace 5 is about 4 m. above 
floodplain, that of Terrace 6 is below floodplain and its aggradation 
surface lies about l-~4 m. above floodplain. M Siegert and Weissermel s 
area, only two terraces post-dating the Penultimate Glaciation have so lar 
been observed, namely tkeir 2nd Interglacial Terrace (bench 2-3 m. above 
floodplain, surface 7 m. above floodplain), and their Postgiacial Terrace 
(aggradation surface few metres above floodplain) . In their position relative 
to the present floodplain these two terraces correspond to Toepfer's Terraces 
5 and 6, so that the 2nd Interglacial Terrace of Siegert and Weissermel 
would correspond to Naumann and Picard's Postglacial Terrace oc, whilst 
Naumann and Picard's 2nd Interglacial Terrace (= Toepfer’s Glacial Terrace 
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4) would not exist (or not yet have been identified) in the Halle area* This is 
the view expressed in the table, Fig. IB. 

The alternative is to follow the old interpretation that Terrace 4 is the 
same as Siegert and Weissermei’s 2nd . Interglacial Terrace near Halie. 
Support for this view is obtained if one plots the benches of the various 
terraces, and then considers the general gradient of Terrace 4 relative to the 
higher terraces and not Its gradient relative toAhe present floodplain. In 
this case, only Terrace 5 or 6, btit not both,: would be identifiable in the Halle 
area. 

On the available evidence it is impossible to decide which of the alter- 
natives is correct. 

? Wabthe Glacial Deposits on Tebeace- 5.— A few miles domistream 
from Halle (i.e. north of Siegert and Weissermel’s area) Wiist (1911) found 
glaeiflnvial gravel on a terrace the surface of which is only 6 m, above flood- 
plain. A yet lower terrace is observed at 3*5 m. above floodplain.’^ Soergel 
(1924) correlated these two terraces with his Terraces 5 and 6 . If Wiist is 
right, then the outwash of a glacial phase later than the Penultimate Glacia- 
tion would have reached to north of Halle, and this can only have been the 
Warthe phase. 

? Extension oe Wabthe Phase South of the Elbe. — ^That the Warthe 
phase reached at one time considerably farther south than the Flaming 
moraine, its generally accepted southern limit, has been suggested repeatedly . 
Linstow (1906) found moraines and an urstromial south of the Elbe, showing 
than an ice-margin lay only 20 km. north of Halie. Linstow was convinced 
by the morphological freshness of the moraines that this was an extreme 
stage of the Last Glaciation, but he did not attempt to disprove the alter- 
native that it was a retreat stage of the Penultimate Glaciation. 

Siegert and Weissermei (1911) firmly hold the view that the Last Glacia- 
tion reached the Halle area. As evidence, they claim that (a) on sheet 
Sehrapiau, 20 km. west of Halle, the terrace of the Weida river equivalent 
to the 2nd Interglacial Terrace of the Saale river was overridden by ice, 
(b) that esker-like hills of the Last Glaciation occur on sheets Dieskau and 
Landsberg, 5-10 km. east of Halle, and (c) that the interglacial of Eabutz, 
13 km. east of Halle, is covered by a genuine boulder-clay of the Last Glacia- 
tion, and not by a solifluction horizon. 

Intebolacial of Rabxttz. — By far the most important locality is 
Rabutz. A clay deposited in a buried vale about 2(X) m. wide and at least 
750 m. long, containing abundant interglacial fauna and flora, and Mous- 
terian implements, is undoubtedly of Last Interglacial age. It rests on 
the entire succession of boulder-clays and glacial basin-clays constituting 
the deposits of the Penultimate Glaciation, beneath which the Main Terrace, 
the Antepenultimate Glaciation (with boulder-clay and varved clay, resting 
on the youngest preglacial Saale gravels) have been identified in one and the 
same boring (Siegert in Siegert and Weissermei, 1911). The floral succession 
(Weber, 1917) leads from cold conditioias up to mixed oak forest containing 

* The three higher terraces observed by Wiist, the tipper two of which are preserved 
in 'vestiges only, are later than the first glaciation of the area, as they contain erratic 
pebbles. Since Wiist’s area is just below the porphyry bar which the Saale river had 
to, cut through after the Penultimate Glaciation, th^ gravels may represent stages in 
the dowit-cutting of the gorge, and therefore not be comparable with the Saale terrace 
south of Halle. Wiist invoked tectonic movements to explain them. 
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liombeam. The latest eomprehensive description of Rabutz is by Soergel 
( 1920 ).,. 

Ail workers agree the,refore that; the Rabutz clay is of Last Interglacial 
age. The great question is whether the bed of clay with pebbles and stones 
wMcdi- covers the interglaciar deposit is a boulder- clay, or, a solifluction 
deposit. Slegert', and Weissermel and Picard (1926, 1929), maintain that it is 
a boulder- clay since it contains erratics irregularly distributed and up^to 
0*5 m, diameter, and since the, country is as. flat as a table,” there being 
no opportunity for solifluction. Keilhack and Grahmanix (1921, 1926) 
maintain that it is a gravelly loam, a solifluction deposit. Their arguments 
against boulder- clay nature of the deposit are (1) that it contains no lime, 
(2) that it is not sharply separated from the underlying interglacial clay. 
Both are considered as" inconclusive by Weissermel and Picard (1929). 
These authors sum up the situation by stating that nobody would object to 
the bouider-clay nature of the deposit if it lay north of the Elbe, but the 
wish to restrict the Flaming phase to the north of the Elbe in conformity 
with the ruling opinion induces workers to regard it with suspicion. One 
must admit, however, that a boulder-clay in such a crucial position as at 
Rabutz requires more definite evidence as to its true nature than a boulder- 
clay of the Last Glaciation north of the Elbe. IVIiithers (1934) has shown 
that the counts of erratics carried out in boulder-clay of this area indicate 
a connection with the Flaming or W'artbe Glaciation. This would substan- 
tially support Weissermel and Picard’s view, were it known from which 
stratigraphical level Milthers’s countings came. 

One is, therefore, at present unable to form a clear opinion whether this 
covering stratum of Rabutz is a moraine or not. The possibility remains, 
however, and with it the possibility of a connection of Terrace 4 or 5 with 
the deposits of the Warthe phase. 

H.4nLE Area : Summary. — It has been necessary to discuss the Halle 
area in some detail in order to show that, -whereas it completely confirms the 
correlation of Terrace 3 (Toepfer) with the Penultimate Glaciation, the 
identification of some of the other terraces is still left uncertain. A few 
essential facts have emerged, however, nardely that — 

(1) Between the advance of the Antepenultimate Glaciation and that of 
the Penultimate Glaciation into Thuringia two terraces were formed in 
Thuringia (Glacial Terraces 1 and 2), but only one has so far been found in 
this position in the Halle area. 

(2) That after the Penultimate Glaciation, three terraces were apparently 
formed in Thuringia, but only tioo have been found in the Halle area. 

It will be seen in the following paragraphs that this reduction in the 
number of Glacial Terraces is a characteristic of the Saxonian rivers also. 

'Other Rivers or the Edbe. System.*— L ike Saale and Ilm, the Saxonian 
rivets,' Ulster andMulde# belong to the area of the Elbe. They were studied 
by Grahnstoa {1925, 1928), and their correlation with the Ilm-Saale dis- 
cussed by Toej^er (1938), Zeuner (1938) and Soergel (1939). Again we 
encounter the problem of correlating the two lowest terraces with the three 
lowest of the Ilm and middle Saale. Grahmann found two terraces only, 
but he regards the floodplain as deposited in a cold climate. 

The Elbe in Saxony has been studiM by Grahmann (1932, 1933). The 
complete sequence here is difficult to ascertain, since the river enters the 
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Nortli German Lowlands, a zone of teetome subsidence where younger 
deposits often completely veil the older ones. 

Farther to the east, the Spree (a. tributary of HavehElbe : Xetiniariii, 
1934) shows the same rhythm as observed near Halle and in western Saxony, 
with one aggradation intervening . between the Antepenultimate and Pen- 
ultimate Glaciations, and two following the Penultimate GJaeiation. The 
link of the third terrace with the urstromtal: of the Wart he Phase (Flaming 
moraine) is of particular importance. ■ 

The Gdee System. — ^X eumann ( 1934 ) 'also investigated the terraces of 

the Lusatian Heisse, which is a tributary of the Oder. He found the same 
succession as on the Spree. 

In Silesia the river system of the Oder derives much of its water from the 
Sudeten Mountains. The only tributarj^ which has up to the present been 
investigated in some detail is that of the Glatzer Neisse CZeiiner, 1928, 1938 y 
Berger, 1931 ; Soergel, 1939). Its terrace system reseunbles those of the 
rivers farther west, and of Saxony in particular (Fig. 18). The 'section of 
Johnsbacli, "which contains a flora of early Pleistocene age, adds a further 
cool phase to the succession (Zeimer, 1929 ; Stark and Otmrbecky 1932). 
This may be a phase preceding the Elster Glaciation. 

In short, the river systems of the Elbe and of the Oder show similar 
successions of Pleistocene terraces. We have now to consider briefly the 
remaining two systems of central Europe, those of the Weser and of the 
Hhine, Both. west of the Elbe. . 

Weser System.— The' Weser .(Siegertv. 1921 ; Soergel, 1925 ; ■ Grupe, 
1926 ; Soergel,; 1927 ; Zeuner, 1938 -; Soergel, 1939 ) witli its ten or more 
terraces resembles the Ilm-Saale. Since the Weser, however, floors directly 
into the Xortli Sea, it is liable to eustatic interference. Divergence of 
opinion between Soergel and Gruj)e may be due to this fact. The latest 
interpretation of the Weser system is given in Fig. 18 . 

Rhine. — One cannot expect that the terraces of the Rhine, a river at 
present over 700 miles long (and about 1100 miles long during the glacial 
phases while the sea-ievel %vas low), are uniform throughout its course. As 
far as Schaffhausen, between Lake Constance and Basle, the Rhine flows 
through areas which were glaciated during the Last Glaciation. Thence 
to beyond Basie, the terraces are determined by the retreat phases of the 
Last Glaciation (see p. 45). From Basle as far as Mayence the Rhine runs 
through the wide rift valley bordered by the Vosges and the Black Forest, 
where the ground has been subsiding so that the youngest gravel sheets 
cover nearly the entire valley. In the^ Rhenish Schieferpbirgo, however, 
terraces are well developed (Mordziol, 1926 ), The most important zone is 
that between the Schiefergebirge and (and including) the Ruhr. Here the 
contact of the Scandinavian Saaie Glaciation with the so-called Middle 
Terrace of Steinmann (1926 ; lower Middle Terrace of Breddin, 1928) could 
be established. The Main Terrace is clearly of the age of the Elster Glacia- 
tion ; it is subdivided into an upper and a lower Main Terrace by Breddin. 

* A glance at the correlation table, Fig. 18,, will show that a duplication of 
each of the four major glaciations is expressed by the terraces of the lower 
Rhine. 

' Beyond the Euhr, however, the Rhine, terraces were, increasingly affected 
by the fluctuations of the sea-level (see. also p. 238). 
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In 1939 Soergel undertook to compare with, and fit ^ into, ^ the system of 
Thnriiiglan terraces those observed on the Hhine and its tributaries. He 
considers that four middle terraces ’’ are intercalated between the Main 
Terrace (of the Antepenultimate Glaciation) and the Low Terraces (of the 
Last Glaciation). Since the fourth Middle Terrace is, oi\the Ruhr, connected 
with the boulder-clay of the Penultimate Glaciation, three terraces are 
regarded as intercalated between this and the Antepenultimate ^ Glaciation 
in the Rhine area, compared with two in Thuringia and one in Saxony. 
The distinction of four independent middle ’’ terraces requires further 
substantiation. It was based in the first hastance on the basin of Neuwied, 
in the Ptlienisli Sehiefergebirge, an area of tectonic movement and late 
Pleistocene, if not Postglacial, volcanic activity. Miilier (1938), in a remark- 
able survey of the terraces of the Rhine and its tributaries, says that the 
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Fig. 18. — ^Tentative correlation of the climatic aggradation terraces of some 
German rivers. After Zenner (1938). 

remains of the middle terraces are scanty, and that the correlation of the 
benches distinguished by various authors, especially on the Moselle with 
those on the Rhine, cannot be considered as settled. For this reason Stein- 
mann’s divisions (1926) combined with those of Breddin (1931), incomplete 
though they may prove to be, have been accepted in the present context. 

On the whole, however, the agreement of the Rhine system with that 
of the Weser, Elbe and Oder is most remarkable. Compared with the 
standard area, Thuringia, the differences are limited to (a) the presence of a 
supernumerary terrace between the lowest Preglacial and the first Glacial 
Terrace (as suggested by Soergel), and (6) the absence of evidence for the 
fourth Glacial Terrace of Thuringia in the Rhine area (SoergeFs tenniaology). 

According to Breddin both Low Terraces are covered with conformable 
loess or loess-like deposite ’of the .type of the Younger Loess (Soergel, 1939, 
pa9L) 

' IRWm TB3aEAOBS OP Geiotal Itoopb : SuiMABy.— The systems of 
terraces of the rivers of central Europe, which are removed from the 
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iiifliieiice of the cimnging, :,sea4e¥el,; thus: ..resemble, one another to a high 
degree. They reveaf a. most interesting sequences of cold phases (Fig. 18). 

There were at least' eight major phases', of this Mod, and one or several 
in,inor phases which are.' .not recognizable. 'everywhere. Thc^ eight major 
phases can be grouped In four pairs. ' .Of these, the latest pair, liiihed with 
the Younger Loess (l^hine, Ilm-Saale,. Glatzer Neisse), is the equivalent of 
the Last Glaciation. The higher of -them- is apparently connected with the 
Wartlie Glaciation in Lusatia. Of the .preceding" pair, the lower terrace is 
Ihiked with the raoraini.c deposits' of . the ' Penulthnate Glaciation (Saale 
Cdaeiation) of Scandhmvia and North .Germany -.(rivers Saale, Mulde, Spree, 
Lusatian Neisse, Glatzer Neisse, Wes©r/"Euhr)'. ■ '-"The higher terrace of this 
pair bears in many places a conformable .'Older Loess, as does the lower one 
in areas removed from the ice-margin. ■ . - . 

The lower terrace of the third pair (counting from the present) is con- 
nected with morainic , deposits , of the Antepenultimate Glaeiation in the 
areas of the Saale ' and its ' tributaries, and the Weser, and possibly the 
Glatzer Neisse. The higher terrace of : this, pair (upper Main Terrace of 
Bhine, Preglacial Terrace II of Thuringia) , is unanimously regarded, as an 
early phase of the lower, and therefore of the Antepenultimate Glaeiation. 
The highest pair, Preglacial Terraces III and IV, is' still cold in the character 
of its gravels, but it is not sharply differentiated from the still higher Pre- 
giaciai Terraces, of which several have been found. These cannot be cor- 
related with glacial phases in North Germany, but it must be remembered 
that the Early Glaeiation of the Alps (Giinz) was preceded by several glacial 
phases according to Eberl (see p. 43). 

What are probably two minor phases are represented by the two addi- 
tional terraces of the lower and upper Saale. As was said on p. 59, the 
view here tentatively adopted is that SoergeFs First and Fourth Glacial 
Terraces are the supernumerary ones peculiar to this area. On neither 
of these has a conformable loess been definitely established, nor has either 
yielded a cold fauna. If they owe their origin to cold oscillations at all 
"(which remains to be proved), they presumably represent minor phases, 
much weaker than, for instance, the Weichsel Phase. 

Finally, the fioodplain gravels have to be regarded as a terrace through 
which the modern river has not yet cut down. These gravels are considered 
by some authors, on the evidence advanced by Grahmann, to represent a 
third cold phase of the Last Glaciation, but since one of the Low Terraces 
is missing in Grahmann's area (as in many others), it is possible that such 
fioodplain gravels are merely the equivalent of the lower Low Terrace, i.e, 
the second cold phase of the Last Glaciation, and do not represent a third 
phase. The possibility of a third, weak phase of The Last Glaciation must 
not, however, be overlooked. 

c. THE LOESS BELT OF CENTRAL, AND EAST EUROPE. 

SuBnmsiOBS oe the Loess.— Thus the terraces of the rivers afford a 
detailed relative chronology for the climatic oscillations which oeonixed. 
during the Pleistocen'd in central Europe.' If this ■chronology is to be of 
more than local value, in other words, 'if it .does provide a suitable strati- 
graphical basis for subdividing the • Pleistocene, one must expect to find 
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corroborative eridence in tbe non-fluviatile deposits as well, especially in 
the loess districts. 

Climate of the Loess Belt. — ^The periglacial loess belt of Europe 
extended, with local interruptions, from north Erance and south England 
through central Europe to south Eussia (Fig. 19). In this vast area the 
repeated changes from a humid and temperate climate to a dry and cold one, 
and vice versa, left their traces in a succession of weathering soils and beds 
of loess. It must be kept in mind, however, that the climate of so vast a 
region is not quite uniform and has never been so in the past. 

At present the districts composing the loess belt are part of the northern 


Fig. 19. — Approximate distribution of the climatic zones during a major glacial 
phase ill Eui'ope. Example : First phase of the Last Glaciation, t. Tundra 
belt, n. Loess belt. Temperate Forest, possibly linked with the tmidra 
belt in the extreme west. The loess area was continuous in the east, but in 
the west it was interrupted by many districts without loess-sedimentation. 
In England, loess was deposit^ 'in many scattered areas in the south which 
have not yet been mapp^ and, therefore, not entered on the chart. After 
Zeuner (1937<?). 


temperate zone ; yet’ north Erance and south England have mild winters 
and miid summers (Londcm, for example, January average + 3*4® C., July 
+ 17-3° 0., annual mean'4' C..), whilst south Eussia has severe winters 
and hot summers (Ba&iev, ’.January '-**3*6° 0., July -4- 22*4° C., annual 
mean 4-9*8°' 0.)- The •former type df climate is caUed^oceamc, the latter 
and the difiPerenee is due to several factors, chief among them the 
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moderating infinence of the ocean, and' the' intensification of heating and 
cooling by radiation in inland areas. ' 

Although the primary climatic' ''changes which caused the Pleistocene 
ice-sheets to .grow were not of . a continental character (see p. 154), the 
continental type of climate was intensified as the Ice-sheets grew, and it 
gradnally. extended into the central and western parts of Europe. ' Under 
its influence loess deposition began, and the loess belt also extended west- 
wards. 

It is eirident that it depended on 'the' intensity of the cold phase how far 
westwards the continental type of climate could spread. Accordingly, one 
cannot expect to find 'evidence- of minor -cold ..phases in west Eiiro|>e or, 
vice versa, of minor hnmid-temperate' phases in east Europe. In central 
■Europe, however, both, kinds of minor osciliations made themselves felt, 'and 
this is why the climatic succession of loesses (as well as of climatic river 
terraces) in unglaciated Germany is.-«o exceptionally complete. ' 

Youngee Loess and Oldee Loess.— I n south-west and parts of mid i 

Germany the loess has for a long time been subdivided into a younger ” v 

and an older ” complex. The Ymnger Loess looks fresh and is of a light j 

yellow colour. The weathering soils on it and in it are comparatively little 
developed, and often contain humic matter staining them grey. The Older I 

Loess is darker, yellowish brown, and often deeply weathered- The difference 1 

is not due to the greater age of the older loess, but to its more intense weather- I 

ing ; it was subjected to weathering (mostly of the brown-earth type) for ' j 
a very long period before the Younger Loess was deposited on top, and I 

the' Younger ' Loess, in turn, ■ has suffered less- weathering since its own; ''I 

deposition than did the Older Loess in the interval between its own j 

deposition and that of the Younger Loess. This fact affords an indication 
of the relative duration of interglacial and interstadial phases in comparison 
with the Postglacial. * 

The differences between Older and Younger Loess are so marked that 
they can often be diagnosed in exposures in which only one of the varieties 
occurs. Sections showing both varieties in superposition are so abundant 
In the region mentioned that it is not worth while to quote examples here. 

From the climatic point of view a section with both Younger and Older 
Loess has to be interpreted as follows : 

Top weathering : Postglacial humid-temperate climate (short period). 

Younger Loess : Cold steppe climate (periglacial). 

Weathering of Older Loess : Interglacial humid-temperate climate (long 
peri-od)-. - '. 

Older Loess : Cold steppe climate (periglacial). 

SuBDivisioisrs AND AoE OF YouNGEE LoEss.^ — ^Por somo considerable 
time it has been known, and emphasized especially by Smig&l (1919),^ that 
a fossil soil is often found subdividiag the Younger Loess into two phases, 

I and II. This soil is, as a rule, fairly 'thin ; it cannot indicate a 
of so long and intense a weathering as that which followed the formation 
of the Older Ix^ess. Nevertheless, it must not be neglected for this re^on. 

The 'Younger Ix^ess; with its two phases, represents the latest period nf 
cold steppe conditions and is, in Thmringia and elsewhere, associated with 
two ' river terraces* post-dating the Saale Glaciation. The higher of these 
sometimes carries both younger loe'sses in superpolition, but the ■ lower 

6 ■- 
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carries iHTariably aa undivided sheet of Younger Loess, i.e. Younger Loess 
II only. Thus one is justified in identifying the two Younger Loesses with 
the two phases of the Last Glaciation which, apparently, are represented by 
the Glacial Terraces 6 and 6 of the Thuringian succession. No satisfactory 
evidence has yet been advanced, however, for Glacial Terrace 4 being 
covered conformably by a loess. 

Younger Loess often rests unconformably on older moraines, but it is 
not found on the moraines of the Weichsel phase. A Younger Loess, however, 
occurs in certain districts on. the moraines of the Warthe Phase, but nowhere 
have two Younger Loesses been found on the Warthe moraines. These 
conditions suggest that the two Younger Loesses are contemporary with the 
Warthe and Weichsel Phases respectively. It is quite certain that one 
Younger Loess is contemporary with Weichsel, but it is possible that the 
Warthe phase is earlier than the Younger Loess I. 
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Fxo. 20. — Section of the Linsenberg, near Mainz, Khine Valley, with two younger 
loesses separated by weathering. After Sclimidtgen (1930). 

Fx< 5. 21. — Section of Wallortheim, near Mainz, Rhine Valley, with three beds of 
Younger Loess separated by two weathering horizons. Based on Schmidtgen 
and Wagner, 1929. 


SnOTTONS IlXITSTBATIKU SUBBIVESIOHS OF YoUHam LOBSS : LiBSEN- 
BKM, — An interesting exposure of Younger Lo^ss was described by Schmidt- 
gen (1930 ; Neeb, 1924}, from the Linsenberg near Mayonoe {Fig. 20). On 
the surface of the loamy soil formed on the Younger Loess I, an Aurig- 
nacian resting-place with remains of fauna was discovered. This stratum 
was covewd by Younger Loess II. The accompanying bones, however, 
were perfectly fr^h, and Schmidfgen concluded that no humid weathering 
took place ator they had ■beep, deposited, and that this layer dates from the 
be^romng of i%e cold |diase evMmced by the Younger Loess II. It cannot 
bdoutg to the ppeeedmg^ mid interstadial, during which the soi on the 
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younger loess I was formed, since in this ease the bones wonM have been 
destroyed. 

WAnLERTHEiM, MousTEEiAH. — ^Another ■ important discovery is the site 
of Walertheim, Eheinhessen (not far . from Mayence) (Eig, M). It was 
described by Schmidtgen and Wagner (1829)., The authors found that, in 
the shallow valley of the Wiesbach, a Mousterian. hunting site existed after 
the deposition of the main mass of the 'first 'Younger Loess. The stream had 
begun again to erode its valley, and a swampy patch.,served as a watering-place 
for the larger species of mammals. ^ Loamified Younger Loess I, and fresh 
Younger Loess II, cover the site. The layer containing the fossils, therefore, 
although later than the main mass of the first Younger Loess, is earlier than 
the phase of loamy weathering which preceded the formation of tlie second 
Younger Loess ; in other words, it was formed towards the end of the cold 
"phase of Younger Loess I, still under comparatively cold conditions.^ This 
geological conclusion is confirmed by the fauna, wiiicli consists ehiefiy of 
animals of the loess steppe {Alopex lagopus, Elephas primigmius, Arctoniys 
sp., Bison priscus, Equus przewalshii, Bangifer kirandus, TichorMnus anti- 
quitatis). Forms which indicate the presence of woods, however, had 
already appeared {Bison cf. bonasns, Cervus elaphus^ Sus scrofa). 

The Younger Loess II of Wallertheim is subdivided by a thin band of 
" loam (less than an inch thick). Schmidtgen and Wagner interpret this as 
a mild oscillation of short duration. It is an interesting feature in view of 
the fact that the existence of a third Younger Loess has been suspected at a 
few other localities. 

Ehbikgsdoef, neae Weimab. — ^T he famous Mousterian site of Ehriiigs- 
dorf, near Weimar (Fig. 22), has yielded fossil remains of Hmno neander- 
tkalensis beside a very rich interglacial fauna and flora. Occupation layers 
and fossils occur in deposits of calcareous tufa, or travertine, formed by 
springs and resting on a glacial aggradation terrace of the river Ilm. Accord- 
ing to Soergel (1926a, b) the succession is as follows : 

H. Younger Loess II : Second cold phase of Last Glaciation. • 

G. Upper Travertine with cool-continental to temperate fauna (see p. 
267) : interstadial. 

F. Younger Loess I, impregnated with calcium carbonate from above 
during the following milder phase : First cold phase of Last Glaciation. 
Called ** Paxiser.’* 

E. Ix>W6r Travertine with temperate fotest flora (ash, hazel, lime, oaks 
(Quercus sessiliflora and mammidi), ivy, Thuja occidentalis, walnut), mammals 
(see p. 265), JET. neanderthaknsU : decidedly warm interglacial or inter- 

.'^'stadiaL' ■ ■ ■ ■ ■ ■ 

D. Floodloam with mammoth and European pond tortoise (Emys 
orbictdaris) : continental phase, cool, but not arctic. 

c. River gravels of the Fourth Glacial Terrace with mammoth and woolly 
rhinoceros ; cool phase. 

(b- Period of erosion : interglacial or interstadial.) ' 

{A. Third Glacial Terrace and Saale moraine : Penultimate Glaciation. 

Not at Ehrin^dorf.) . . .- 

This is one of the most important upper Pleistocene sections since, it 
SoergeFs interpretation is correct, the presence of the two Younger Inesses 
and the superposition of the entire complex of loess and travertine on the 
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Fourth Glacial Terrace, the JBrst terrace formed after the Saale Glaciation, 
fix its chronological position. The terrace is earlier than the Younger 
Loess I as well as (according to Soergel) the corresponding Fifth Glacial 
Terrace. It represents a comparatiTely slight period of aggradation with 
a moderately cool and continental ' climate, as evidenced by the presence of 
the pond tortoise (Emys orbicularis now goes as far north as Leningrad), 
together with the mammoth. This minor cool phase is very remarkable, 
as it appears to divide the Last Intergiaciai into an earlier and a later part. 
It reminds one of the Danish Middle Bed (p. 85), and of the intra-Monas- 
tirlan oscillation of the seadeveL- 

The Lower Travertine in which the human bones were found was 
deposited under very mild climatic conditions. The fauna is that of a 
forest, and steppe and tundra forms are entirely absent. The flora com- 
prises walnut and Thuja, suggesting that the annual mean was somewhat 
higher than at present. 
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Fig. 22. — Section of the travertines and loesses of Ehringsdorf, near Weimar, 
Thuringia. Based on Soergel (1926a). 

Fig. 23. — Loess section of Mauer near Heidelberg, Neekar valley, west Germany. 

, North Wall of the section, which does not show the subdivisions of the liuviatile 
' series but contains the entire loess succession. After Soergel (1928). 

The Upper Travertine testifies to a recurrence of a more humid climate 
between the two Younger Loesses, but its fauna contains certain continental 
and cool elements beside species of the temperate forest. This shows that 
the climate was not fully interglacial, but rather interstadiah 

Thus, if one follows Soergel,* Ehringsdorf provides evidence for the post- 
Saale age of the Younger Looses, for the interstadial character of the mild 
phase separating the two Younger Loesses, for the warm character of the 
phase which precededi'the Younger Loess, and for the presence of a 
posfe^Saade, ' but pre-Last^ ' oscillation with % cool-continental 

^ 'dKmate, evMenced by the' Iburth Glacial Terrace. 
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The Last Interglacial would be represented by (a) the erosioiiai phase 
between the Glacial Terraces 3 and 4, and (b), after the cool oscillation which 
; caused, the ag^adation of the Fourth Glacial Terrace, the Lower Travertine. 
/This,: subdivision .is of considerable. significance, as it is corroborated by the 
Danish Middle Bed and the intra-Monasterian oscillation of the sea-leve! ; 
it Will be discussed later on. . . : ^ 

Subdivisions of the Oldeb Loess.— The Older Loess, which in many 
localities underlies the Younger Loess, can often be subdivided also. The 
Older Loess invariably antedates the Last Interglacial, and since the latter 
was a period of weathering and denudation several times longer than the 
entire Postglacial, it is not surprising that good sections in which subdivisions 
are preserved are much less frequent in the Older than in the Yoiingei 
Loess.' . . . 

In the catchment area of the, Rhine at least three Older Loesses have 
been distinguished, separated from one another by loamy weathering 
horizons. Two outstanding sections ‘showing them are those of Achenheim 
and of Mauer. 

Achenheim, — Achenheim lies at the foot of the Vosges, in Alsace, not 
far from Strasbourg, where thick strata of loess smooth out the transition 
from the mountain slopes to a terrace of the Rhine, on which the section 
rests. Charles Lyell had already been attracted by the loess of this area, 
but it was not until 1882 that divisions were established by Schumacher. 
Apart from the valuable work of this author, numerous investigators have 
contributed to the study of Achenheim, notably Andreae, Briquet, Forrer, 
Freudenberg, Gignoux, Koken, R. R. ’ Schmidt, Wenz, Wernert, and van 
Wervecke. Recently, Wemert has published some of his most important 
observations, carried on for many years, and it is chiefly on his publications 
that I rely in the description that follows. All the important papers bearing 
on Achenheim are quoted in his paper (1929), which is easily accessible. 

" The section, from top to bottom, and its characteristic faunal contents, 
are as follows (faunas of weathering horizons are omitted in view of their 
uncertain origin) : 

K. Recent soil, — Age : Postglacial. 

j. Younger Loess II, — Reindeer, horse, spermophile : cold steppe. Age : 
second cold phase of the Last Glaciation. 

I. Wmh weathering soil, — ^Age : interatadiaL 

H. Younger Loess /. — ^Horse, spermophile, mammoth, reindeer : cold 
steppe. Age : first cold phase of the Last Glaciation. 

o. Weathering loam, decalcified, sludged, — ^Minimum age : soil of 

the Last Interglacial. 

F. Ufper Older Loess , — Solifluetion at the base. Horse, reindeer,, spermo- 
phile, marmot : cold steppe. Minimum age : Penultimate Glaciation, 
probably its second phase, since the middle Older Loess appears to represent 
its first phase. 

M, Weathering ham, slightly decalcified surface of middle Older Loess,— 
The slight deoaiciflcation seems to indicate that this mild phase was m- 
Interstadlal and not a full interglacial, ' ' , 

D, MiMk OMbv Imss *’ — ^The middle Older Ltoess of Achenheim differs 
from typical loess In several respects. At the ''base loess ' atypique '*) it 
contains a forest fauna 'With Mlephm ardiqum, Dicerorhinm merckii, red 
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dear, roe deerj Irish deer, wild boar, large horse {E, germafn^icns), Bos prtmi^ 
.genimy though the marmot occurs also, ^ . 

Alitiiaose bed m the loess contained DkerorMnus mercMi, Eqmus ger~ 
manicmy Bos^ and abundant red deer. 

Another atypical portion of the middle Older Iloess, called ** hiimose 
loess-loam ” by Schumacher, has a hygrophilons forest fauna of mollnsca, 
associated with Dicerorhinus mercMi, abundant red deer, roe deer, but also 
the marmot. " 

It is apparent from the nature of this deposit, which is often humose 
or loamy, and from its largely humid and temperate fauna, ^ that the con- 
ditions of formation camiot have been those of the periglacial steppe. It 
cannot be decided at present whether the middle Older Loess of Achenheim 
is a “ secondary loess ’’ re-deposited hy hiliwash in an interglacial climate 
(possibly in connection with tectonic disturbances, Wernert, 1936), or 
whether it is the marginal facies of an ordinary loess steppe which, in the 
climatically favoured Rhine valley, was bordered by forests along the 
niountams (Zeuner, i937a, p. 392), The presence of the marmot supports 
the latter view. In any case, however, the middle Older Loess does not 
appear to represent a cold phase of great intensity. According to its 
stratigraphical position, it may represent a first phase of the Penultimate 
Glaciation (see below). 

c. Weafheriing loam, humom, formed on the lower Older Loess. Age : 
interglacial. 

Bjj. Fresh lower Older Loess.— 'Ro fossils found. Age : Antepenultimate 
Glaciation, probably its second phase (compare a). 

Bj. Sawd-loess andfiuviatih sands from the Vosges. — Solifiuction observed. 
MoHusca of a cold climate, reindeer : cold phase. Age : i^robably early 
part of same phase as Bg. 

A. Marls and- fiuviatile sands of the Rhine. — ^MoUusca of a temperate 
climate, Hippopotamus, Alces latifrons, Dicerorhinus etruscus : temperate 
climate. 

The fauna of these sands recalls that of Mosbach near Mayence, as was 
suggested by Andreae in 1884 and confirmed by Wernert (1929), and also 
of Manor near Heidelberg (see below). This palaeontological correlation is 
important, since the age of these localities has been determined independently 
as either the Antepenultimate Interglacial, or the interstadial preceding 
the second (main) phase of the Antepenultimate Glaciation. In this way, 
the maximum age of the loess section of Achenheim is fixed, and the two 
Younger Loesses and the upper and lower Older Loesses cannot but represent 
the two main phases of the La^t Glaciation, the Penultimate Glaciation and 
the Antepenultimate Glaciation respectively. For the aberrant middle 
Older Loess there ^remains the mteval between the Penultimate and Ante- 
peatdtimate Glaciations, i.e. the Great Interglacial or, as suggested by its 
being enclosed by two weathering horizons, a cool phase ante-dating the 
Penultimate Glaciation. If so, it would agree with evidence obtained 
elsewhere that there was a first cold phase of the Penultimate Glaciation. 

Maubr h®ab HEinsi:BEBa.*-^The section of Mauer near Heidelberg is 
famous for the discovery of the Jaw of Hmio heidelbergensis. It is situated 
in the bow of an abandoned meander of the river Neckar. A considerable 
thickness of fiuviatile sands, the Mauer Sands, was deposited here shortly 
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.before the river cut through the neck of ^ the meanderj thus laying it dry. 
In later phases of the Pleistocene, the Matier ' sands were covered by a 
succession of beds of loess, y 

In addition" to the Jaw of Homo heidelbergensis^ a rich maminallaii fatma 
has been recovered from the Manor Sands, characterized by TmgoniMrium 
cmieri (a Ipge beaver), Arvicola greeni (a, water-vole), Elephm antiqmm and 
trogontherii, Equus mosbachensis^ DieeroTTiimiB etruscus^ Hippopotamus nmjor^ 
Ahes latifmns,^ Machairodus sp. Tins fatma (summaries, Eiiger, 1§S1 ; 
Zeuner, 19376) is characteristic ofthe time Jnst preceding the ^totepennltimate 
Glaciation. It is unlikely to be later in view of the presence of Machairodm, 
Hippopotamus, Dicerorhinus etruscus, and othem, and unlikely to be earlier 
than the Early Glaciation (Giimi) in view of the presence of EUqihm aniiquus 
and other typically Pleistocene species, ■ The fauna being of a forest type, 
its age, on purely palseontological grounds, in the Antepenulthnate Inter- 
glacial in the widest sense. A more detailed comparison with the faunas 
of Mosbach, Shssenbom and the .Cromer Porest Bed (Zeuner, 19376) has 
shown that within that period of time, the Manor fauna is Mkely to be 
comparatively late. 

It is now interesting to see how the stratigraphical evidence compares 
with the faunal dating. Here is the succession (Pig. 23} : 


Cliroiiological intei^retation 
(minimum age). 

Postglacial. 

LGl, second phase. 
interstadial LGli/LGls. 

LGl, first phase. 

Last Interglacial. 

FGI, second phase, 
interstadial PGli/PGU. 
■PGl, first phase. 


Bed, and climatic character, 

R. Becent soil : temperate . 

M. Younger Loess II : cold phase . 

L. Weathering loam : temperate . 

K. Younger Loess I (only in the north 
wall) : cold phase 
j. Weathering loam : temperate . 

I. Upper Older Loess : cold phase . 

H. Weathering loam : temperate . * . 

G. Presh middle Older Loess : cold phase 
F. Weathered fluviatile sands, and lower 
Older Loess, completely weathered, 
loamy. Weathering : temperate 
phase of long duration 
{Deposition of lower Older Loess), and 
E., Plnviatile sands subjected to soli- 
Auction. Soiifiuction and deposi- 
tion of loess : cold phase 
- (Gap, produced by denudation) 
n. Weathering horizon . ® ' 

0. 'Moodloam 

B. Sandy calcareous fioodloam 
A. Manor Sands, a-i), including gap'; 
temperate . • . . 

The strata covering the Mauer Sands ■ were investigated by Soergel 
''(1928, 1933), who ’also determmed their minimum ^©s according to 'the 
detailed chronology based on the river terraces. ■ 

, * In the Ellin© area, MippopO'tmnm did not survive the Bister Claoiation. 


Penultimate Interglacial. 
ApGI, second phase. 


Antepenultimate Interglacial, or 
interstadial ApGli/ApGl® 
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The -TdlatiTe ages of the various loesses are evident. There are two 
Younger and tlnee Older Loesses. The Mauer Sands, ha'^^ing been laid down 
in a temperate cliinate, must be earlier than the main phase of the Ante- 
penultimate Glaciation, since they are covered by two pairs of loesses, 
separated by a prolonged period of weathering from 3*et earlier deposits of 
a cold phase which cannot but represent the Antepenultimate Glaciation. 
In the Alps this glaciation is composed of two phases separated^ by an 
interstadial {p. 43). Since Mauer *shows only one loess antedating the 
Penultimate Interglacial, the interstadial between ApGb and ApGlg vrould 
be the latest possible phase in which the Mauer Sands can have been laid 
down. If one does not accept the subdivisions of the glaciations evidenced 
by morainic, fiuviatiie and loessic deposits, the Mauer Sands would have 
to be relegated to pre-Pieistocene times, contrary to the evidence afforded 
by the fauna. If one accepts them, geological and faunal dating of the 
Mauer Sands agree most satisfactorily. 

The minimum age of ApGli/ApGL was suggested for Mauer by Soergel in 
1928. In 1933, however, he attached greater significance to the gap above 
the weathered floodloam, C + D. The weathering, he claimed, took^plaee 
after the denudation creating the gap, and it, therefore, must be assigned at 
least to the interstadial ApGli/ApGL. He supposed that the precedmg 
erosion and denudation removed the periglacial aggradation formed during 
the first cold phase of the Antepenultimate Glaciation. On the strength 
of this argument the Mauer Sands would be at least of the age of the Ante- 
penultimate Interglacial, i.e. preceding even the first phase of the Ante- 
penultimate Glaciation, 

SoergeFs conclusion has certain advantages, but it also raises difficulties : 
The denudation may, after ail, have been contemporary with the weathering, 
and the weathering may have occurred in the latter part of the same mild 
phase in -which the Mauer Sands were laid down. This view (SoergeFs of 
1928) is supported by the palaeontological evidence, especially since Heller’s 
work (1936) on the rodents proved Mauer to be later than the Cromer Forest 
Bed (see p. 105). 

TEA-VBBTmE Sectioks OF Caknstatt. — ^A succession of loesses similar 
to that of Mauer, but with an intercalation of a group of travertines assign- 
able to the Great Interglacial, has been found at Cannstatt, near Stuttgart. 
The fact that the Cannstatt travertines are rather older than those of 
Ehringsdorf was established long ago. They are covered by the two 
Younger Loesses and by Older Loess (Brauhauser, 1909, 1916). Soergel 
(1929) found that there are two Older and two Younger Loesses overlying the 
upper travertine which, therefore, must be earlier than the Penultimate 
Glaciation. ^ ' 

The fauna, on the other hand, which is interglacial In character (with red 
deer, Ehphm antiqum^ brown bear) is phylogeneticali^^ later than that of 
Mauer, and loess material, incorporated in sludge beds to be mentioned 
presently, proves that a loess existed before the formation of the travertine 
began. T?his can only be the lower Older Loess of Mauer. Since the Mauer 
Bands antedate the second phase of the Antepenultimate Glaciation, the 
Cannstatt travertines must postdate it, is. they belong to^th© Penultimate, 
or Great Inteiglacia!. 

The main reason why Cannstatt is mentioned in this context is that 
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Soergei claims that the formation of travertine was twice interrupted. The 
springs ceased to flow during these intervals, and soMnction covered 
the slopes. Soergei regards this as evidence of two minor cool oscillations. 
The later of the oscillations would have been considerably shorter than the 
■..first.; . * 

_ It will be remembered that the First Glacial Terrace of Thuringia also 
indicates a cool oscillation during the Penultimate Interglacial. 

Loess ob the Weser Area. — Subdivisions of the Older Loess are not 
confined to the Rhine area. In the catchment area of the Weser, for instance, 
Selzer (1936) found the foiiowmg succession (see table, p. 74). 

Selzer’s climatic interpretation of the sequence is based on tlie weather- 
ing of the various beds of loesses, and his correlation with the north German 
glaciations is supported by the fact that the entire succession rests on the 
Middle Terrace,’" which was formed in an early phase of the Saal© Glacia- 
tion. His sections thus confirm that the two higher Older Loesses rcjiresent 
two phases of the Penultimate Glaciation. 

Gbrmak Loess ; Summary. — ^The instances given have shown that, in 
west and central Germany, the loess has to be subdivided into several phases, 
each of a more or less dry and nearly always cold climate (Exception : middle 
Older Loess of Achenheim, possibly owing to its abnormally favourable 
position), and separated by weathering loams, i,e. soils formed during, mild 
and humid intervals. 

The two Younger Loesses are definitely later than the Saale Glaciation. 
Both in north Germany and in the forelands of the Alps they occur almost 
entirely outside the moraines of the Last Glaciation. It is safe, therefore, 
to assume that they are contemporary with this glaciation. Just as there 
are two periglacial river terraces corresponding to the Last Glaciation, so 
there are two Younger Loesses. In some sections (Wailertheim for instance) 
the Younger Loess II is again subdivided by a thin band of weathering 
loam, suggesting a further mild oscillation and a division of the Last Glacia- 
tion into three phases instead of two. It has be©n supposed that the 
Pomeranian phase is responsible for this third ” Younger Loess. The mild 
interstadial separating it from the main part of the Younger Loess II would 
have been very slight. 

The Last Interglacial is represented by a horizon of intense weathering 
on the Older Loesses, which indicates that the duration of this interglacial ^ 
was considerably longer than that of the interstadial between the two phases 
of the Last Glaciation. 

There are at least three Older Loesses. The uppermost precedes the 
Last Interglacial and, therefore, is likely to correspond to the Penultimate 
Glaciation, The middle Older Loess shows signs of having teen formed 
during a cold phase of less intensity ; it probably represents the first phase 
of the Penultimate Glaciation. If this is correct, the lower Older Loess 
would te the equivalent of the Antepenultimate Glaciation. Faunal 
evidence contained in underlying deposits is in good accord with this climatic 
correlation. 

Loess of the age of the Early Glaciation (Alpine Giinz) is not known with 
certainty. 

These subdivisions are of more than local s%nificance, since they apply 
to the whole of ^ the j^riglacial area of Germany and, in addition, to other 
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parts of tlie perigiacial area as far east as south Eussia and as far west as 
France and England. The French and 'British loesses will be discussed 
separately later on, but two districts of eastern Europe may help here to 
illustrate that the detailed chronology applies to the entire loess region of 
Europe. * ■ ^ ' 

HoNOAEiAiir Loess. — I n Hungary, little attention was paid to the sub- 
divisions of the loess xiiitii E. Seherf, with the support of the Hungarian 
Geological Survey, began to study in .detail the thick deposits of the Hun- 
garian Lowlands. He used pedologicai methods for his work, so that his 
results regarding the existence of weathering horizons in the Hungarian 
loess may be considered as very reliable. In 1936 Seherf reported to the 
meeting of the International Association for the Study of the Quaternary 
Period in Vienna his important discovery of a large iiiirni>er of weathering 
horizons in the loess at Paks, 30 kilometres south of Budapest. 

The pit of the brickyard at Paks is as much as 143 ft. deep. Seherf 
found eleven weathering horizons which* he is inclined to correlate with the 
various interglacials and interstadials of the detailed chronology down to an 
mterstadial separating two phases of the Early Glaciation. The bottom 
loess, resting on Pannonian Sand (Pliocene), is regarded as that of the £rst 
phase of the Early Glaciation, and the minor phases (which are not repre- 
sented by loesses even in central Germany) are supposed to be represented 
by loesses also. It is possible that, in the Hungarian Plains, which are very 
susceptible to slight climatic changes, the minor phases should have pro- 
duced loessic .deposits. On the other hand, an alternative explanation is 
offered by EberFs pre-Gimzian phases (p. 43), which might be represented 
by three to five loesses in addition to the eight loesses which might have been 
formed since the first phase of the Early Glaciation. The correlation of the 
Hungarian loesses with other districts thus remains a problem, but it is a 
fact that their number far exceeds four. It is to be hoped that Seherf ’s final 
publication on the subject will supply the evidence required for the corre- 
lation of the individual phases with those of central Europe. 

UiCBAiisfE. — ^By far the largest loess area of Europe is that of south Russia. 
Here, in the UkrWe, Krokos (1927, 1935) found up to six beds of loesses, 
separated by well-developed soils, mostly of the chernozem type (p. 15). 
Of these loesses, the third counted from the top is contemporary with the 
Saaie Glaciation, which penetrated into the loess and left a sheet of ground- 
moraine there. Accordingly, Krokos considepd the two upper loesses as 
equivalents of two phases of the Last 'Glaciation. The section of Sbranki, 
near Ovraca, north-western Ukraine, is a good example (Krokos, 1930): 

A. 040 m. : Recent soil, partly denuded. 

B. 2*50 m. : Yellow loess. 

‘ 0. 045 m. : Grey humous loam with tubules of CaCOg. 

, n. 2*00 m.': Yellow loess, 

E. 1*79 m, : Grey forest soil, developed by degradation on an original 

chernozem.- * 

F. 3-40 m. : Yellow loess-like loam with tubnlar concretions of CaCOa. 

G. >1-46 m, : Reddish-brown, sandy boulder-elay. 

The soil (c) which separates the two Younger Loesses is much thinner 
than the soil which developed on the Older lioess (b), just as in central 



Europe, The most remarkable feature oi the Ukraiman succession is the 
morame (g) of the Dnjepr lobe of the Saale Glaciation,^ which penetrated 
into the loess area while the upper Older Loess was forming. Such a pene- 
tration of the ice into the contemporary loess belt has not been obserYod 
elsewhere. It appears to have been caused by a* temporary extreme 
advance^ of the ice under intensely continental conditions. 

Below the upper Older Loess containing the Bnjepr moraine, three 
further loesses, separated by weathering sods, have been established. Their 
correlation with the lower Older Loesses of central Europe is a matter of 
conjecture and need not be discussed here (summary of views, Zeuner, 1938) ; 
it suffices to note that the total number of loesses in the Ukraine is at least 
six. 

East Eituope : Summaby. — ^The divisions of the loess of east Europe 
thus appear to be essentially the same as those of central Europe, and the 
summary given for the latter on p. 73 applies to the former in almost every 
respect. Only the number of Olden Loesses is larger in the east (four in the 
Ukraine, six or more in Hungary), but some of these may yet be discovered 
in central Europe. 


D. CAVE AND SOLIFLUCTION DEPOSITS. 

Petebsfels ; Solifeuction. — Solifluction beds are frequent in the 
Pleistocene of central Europe, though the phenomenon as such appears to 
have attained its fullest development in west Euro;^. As an instance of a 
section composed chiefly of solifluction material, in front of a cave, the 
Petersfels near Engen, in the viemity of Lake Constance, may be mentioned. 
It was excavated by Peters (1930). 

The section of the detrital cone in front of the cave is made up, from 
top to bottom, of : 

F. Weathering loam, 15 cm. 

E. Coombe rock of local Jurassic limestone, 40 cm. 

n. Sludge with Magdalenian, 50 cm. 

c. Earth with Magdalenian in sitUy 20-4^ cm. 

B, Weathering' loam, 15-20 cm. 

A. Coombe rock of local Jurassic limestone, 1 or more m. 

The age of the deposits was determined by Toepfer (in Peters and Toepfer, 
1932). The top sod, f, is Post-glacial and Becent, The two coombe rooks, 
A and 1, of which the upper is much weaker, must correspond to two phases 
of cold climate with permanently frozen subsoil. Since the site lies in a 
glacifluviai valley issuing from the outermost terminal moraine of the last 
Alpine glaciation, the lower coombe rock can at the earliest belong to this 
phase (SchaJBOiausen Phase), or perhaps the following (Diessenhofen Phase). 
The upper coombe rock must represent a later phase, separated from the 
former by a distinct oscillation with milder conditions. This is likely to 
have been the Stein Phase (p. 48). The Magdalenian deposits with their 
reindeer fauna date from the time of deterioration of climate at the beginning 

*** 'Elberl, too, bas observed a uaasdamim advaiic© of tlie Riss glaciers beyond the 
teimiaal moraiaw of this glaeiati<mv 
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of this later cold phase. This evidence supports the conception that a 
mild interstadial separates the Stein Phase of the Rhine glacier from the 
earlier phases of the Last Glaciation. 

E. CLIMATIC ]?LUGTUx4TIONS OP CENTRAL AND EAST EUROPE : 

SUMMARY. 

Pehitltimate Glaciation. — ^The pivot of the relative chronology of the 
Pleistocene of centra! and east Europe is the Saaie C41aciation. "its ice 
penetrated far into the zone which, during the majority of the cold phases, 
constituted the periglaciai belt, and its interference with periglaeial deposits 
has famished a most valuable clue for the correlation of otherwise un- 
connected deposits. The Saaie moraine has been linked chronologically 
with the Third Glacial river terrace as well as with the upper Glder Loess. 

Antepenultimate Glaciation. — ^For the climatic phases preceding the 
Saaie Glaciation, the moraine of the Eister Glaciation is of considerable 
importance. It is connected with the ‘‘First PreglaciaF' river terrace, and 
it is highly probable that the German lower Older Loess corresponds to it. 

- Penultimate Intebglacial. — ^The time between these two great 
Scandinavian glaciations comprises more than a simple interglacial. Two 
aggradation terraces were formed in this interval ; the later of these (“ second 
Glacial Terrace ’*) has been found in most districts and is linked with an 
Older Loess* (the ‘‘ middle Older Loess ”), whilst the earlier (“ First Glacial 
Terrace) is more local and of minor importance. The weathering of the 
lower Older Loess (of Eister age) was intense, indicating a long period of 
humid and temperate climate, whilst the middle Older Loess is in some 
sections less deeply weathered, so that the mhd period immediately pre- 
ceding the formation of the upper Older Loess (of Saaie age) appears to have 
been shorter and (or) less intense. For this and other reasons given in this 
chapter, the middle Older loess and the second Glacial Terrace appear to be 
closer to the Saaie Glaciation than to the Eister Glaciation, and it is per- 
missible to regard the cold phase, during which they were formed, as the 
first phase of the Saaie Glaciation sensu latiori. 

The space of time between the Eister Glaciation and the first phase of 
the Saaie Glaciation (Le the Penultimate or Great Interglacial) was of long 
duration, as evidenced by the intensity of weathering, denudation and 
erosion. The First Glacial Terrace, however, subdivides it, indicating that 
the climate approached glacial conditions for a while. The fauna of this 
terrace, however, comprises, according to Soergel, forest forms only, and 
the climate cannot have been very cold. The First Glacial Terrace, there- 
fore, appears to bear evidence of a minor eoohcontinental oseillatioh sub- 
dividing the Penultimate Interglacial. Two cool phases interrupted the 
formation of travertine at Cannstatt during this interglacial, according to 
Soergel. 

^b-Elstbb Cold Phases. — ^Several 'cold phases preceded the Bister or 

'Antepenultimate'''Glaciation.' Toepfer'found as^many as-six; "Smc»' Lhere- 

is no definite morainic evidence in north Germany of glacial phases earlier 
than Eister (although they have been' suspected), a safe correlation' is not 

* According to 'foepfer (19S3), the doodloam of the Second Glacial Terrace of the 
Saaie river passes into an Older Loess. ' . ' 
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yet possible. It is most remarkable that io. .ike Alps, where the phase 
Mindel 2 is regarded as the eqaiTOlent of Elster, Eberl found evidence of 
seven glacial phases preceding IVIindei 2, namely Mndel 1, Giinzi 2, Giinz 1, 
the three Donau phases, and the Stanfenberg gravels. One is tempted to 
correlate these Alpine phases (except the Stanfenberg gravels) with the 
higher preglacial terraces of the perigiacial zone. 

Last Glaciation. — ^Returning once more to the Sa-ale Glaciation, the 
pivot of onr chronology, it is known to have been followed by several 
climatic phases. 

The period which has elapsed since the end of the Saale Glaciation com- 
prises the Last Interglacial, the Last Glaciation with its phases, and the 
Postglacial Two ph^ises of the Last Glaciation are easily recognized in the 
perigiacial area, since there are almost everywhere two Younger Loesses, 
coupled with two aggradation terraces. The ice of the Last Glaciation, 
however, did not reach the districts where the aggradation terraces formed, 
and the only means of correlating morainic phfises of the Last Glaciation 
with perigiacial phases is afforded by the second Younger Loess, which 
nowhere covers the moraines of the Weichsel Phase, and keeps some distance 
away from them. It is probable, therefore, that Weichsel was contemporary 
with the Younger Loess 11. 

Since the Younger Loess II appears to correspond to Weichsel, the 
Younger Loess I might be contemporary with the Warthe Phase, but definite 
evidence is wanting. 

Another problem is that of the Pomeranian Phase. It being separated 
from Weichsel by a decidedly cold interstadial, one might be inclined to 
correlate with it the rare traces of a third Younger Loess and of soMuction 
deposits, separated by a weak weathering horizon firom the second Younger 
Loess or equivalent deposits (Wailertheim, Petersfeis, for instance), but 
whether such correlation is Justified remains to be seen. 

Last Intekglacial. — ^The mild period that intervened between the 
second (main) Saale Phase — Third Glacial Terrace == upper Older Loess, 
and the formation of the first Younger Loess, is called the Last Interglacial 
During this period chemical weathering was intense, indicating long dura- 
tion and (or) great intensity, as in the Penultimate Interglacial. 

Some observations which make it possible to define more precisely the 
climatic character of the Last Interglacial and which could not find a place 
hi the survey of the districts above may be added here. 

Prom the Rhine to Poland, the buried soils of the Last Interglacial are 
nearly everywhere of the brown-earth type. In the Ukraine, black-earth 
(chernozem) is dominant. This distribution of temperate forest soil and 
temperate steppe soil agrees very closely with that of the present day. 
Moreover, the islands of chernozem found nowadays in dry localities of 
<^ntral Europe were steppe islands with chernozem in the Last Interglacial 
also (Figs. 6 and 7). The Postglacial chernozem of these small and isolated 
areas is now in a state of soil-degradation ; it was formed during the Boreal 
(Zeuner, 1929), under a climate somewhat more continental than that of the 
Atlantic and Subatlantic phases, and is now being degraded, a brown-earth 
-or even a podsol profile developing on it under more humid conditions. For 
some time during the Last Interglacial, therefore, the -climate of central 
Europe was more continental than at present, with hotter and drier summers. 
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.....TMs.is confirmed, by, .aii,otlier interesting' observation.,,, , Froii]i„„soiitliwest 
Germany westwards, in France partionlarly (and ako in the Tbames valley), 
the soE of the Last Interglacial has a coloxir more reddish than that of 
ordinary brown-earth*** and remioiscent of the Mediterranean variety of this 
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Fia. 24.— Attempted correlation of the chief deposits of the j^eriglacial area of 
central and east Europe. Compare Fig. 17. 

type of soil. This can only mean that the climate of west Europe had a 
tendency towards the Mediterranean climate, with hot and dry summers, 
but, unlike the chernozem areas, with mild winters. The distribution of 
chernozem, brown-earth and sub-Mediterranean brown-earth in the Last 
interglacial suggests that the climate was, for some .considerable time,- 
* For this very reaseiii it has been called ar^le by the French. 
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characterized by summers hotter and drier than at present, whilst the general 
distribution of" oceanic and continental conditions over west, central and 
east Europe was about the same as to-day. Faunal and floral evidence 
corroborates these conclusions. 

, The. Last Interglacial was ' not a uniformly mild period. The Fourth 
Olaeia! Terrace of Thuringia has supplied evidence for a cold oscillation. 
This was apparently less intense than the cold phases of the Third and Fifth 
Glacial Terraces ; although climatic aggradation took place in certain 
areas, no loess was formed, and the fauna contained species which would 
not withstand a severely cold climate. The Fourth Glacial Terrace is, 
perhaps, confined to Thuringia, but the Danish Middle Bed of the Last Inter- 
glacial affords a most important parallel, and so does the oscillation of the 
sea-level which separates the two Monastirian high levels of the Last Inter- 
glacial. 

Succession oe Clbiatic Phases. — ^Thus, the deposits of the periglaciai 
area of central and east Europe supply evidence for the following succession 
of climatic phases (Table, Fig. 24, to be compared with Table, Fig. 17). 

The Last Glaciation consisted of two phases, followed by a third, less 
intense, phase which was closely linked with the second. 

The Last Interglacial was' long and had dry and hot summers for some 
time ; it was interrupted by a cold oscillation of minor intensity. 

The Penultimate Glaciation consisted of two phases, of which the second 
was very intense. 

The Penultimate Interglacial was long, and weathering intense ; it was 
interrupted by at least one cold oscillation of minor intensity, possibly even 
less intense than that which occurred during the Last Interglacial. 

It is probable that the Antepenultimate Glaciation also comprised two 
phases, the second of which equalled in intensity the second phase of the 
Penultimate Glaciation. The first phase would be represented by the Second 
Preglacial Terrace ; its fauna and^other evidence show that it po^^dates the 
Antepenultimate Interglacial. 

Previous to the Antepenultimate Glaciation, at least five cold phases 
have been established. They are possibly the equivalents of the five 
morainic phases grouped in the Giinz and Donau Glaciations of the Alps. 

The periglaciai area of central and east Europe has supplied evidence 
showing that the old division of three main glaciations (preceded by at least 
one more in the Alps) is substantially correct. It has, however, revealed, 
that each of them consisted of two major phases and that, in addition, 
several minor cold oscillations occurred. It has also shown that, preceding 
the earliest large Scandinavian ice-sheet (which covered or destroyed any 
evidence of earlier cold phases in the glmiated area), several further cold 
phases occurred. 

These results are remarkably consistent with those obtained in the Alps 
in recent years, especially by Eberl (see p. 47). 

E. LOESS AMD SOLIFLGCTION DEPOSITS OF NOETH FRANCE. 

Parts A to E of this chapter have shown that central Europe affords 
optimum conditions for the reconstruction of the climatic- oscillations of the 
Pleistocene. 
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Ttiriiing to west Europe, the first country to he considered is France, 
which is the classic region of prehistory,' especially of the Palaeolithic. Of 
all countries, France has supplied us with fhe most complete succession of 
Palaeolithic industries, and the" French -divisions of the Palaeolithic have 
become the standard, for the world. ' The same cannot be said of the chrono- 
logy of the Pleistocene deposits, which remained in an initial stage until 
research was stimulated in northern .Fi’ance, chiefly by H. Breuil. He 
relied on ComiaonFs earlier work , on' the , Somme terraces. Valuable work 
on the connection of the fluviatile ten*aces of the Somme with the ancient 
beach-lines of the English Channel was carried out by de Lamothe. This 
subject will be considered later on (p. 236). 

Breuil (1931) agrees with other continental workers in regarding the 
loess as an eolian dust deposited mider cold and comparatively dr}^ con- 
ditions. He notices, however, that precipitation (rain or snow) interfered 
with the deposition of the loess in northern France more than in other 
regions. There is plenty of evidence of occasional action of water upon the 
slopes on which loess was deposited, in the form of indistinct stratification 
and of small layers of pebbles or angular fragments of flint washed down by 
rain or meltwater of snow. These layers, which are called caillo%tis\ are 
often ephemeral features, and their importance as climatic horizons has been 
greatly exaggerated. They are not confined to the loess region of northern 
France, but are frequent for instance in the Rhine valley also. 

Genuine solifliiction has played a considerable part in the formation of 
the valley deposits of northern France. Breuil has always stressed the 
importance of the phenomena (1934), and perhaps even over-emphasized 
it in one or two instances. Nevertheless, most of the soiifluetion levels in 
the Somme valley are of more than local significance. Numerous sections 
in northern France show that, as a rule, a phase of soiifluetion preceded 
the formation of a sheet of loess which, in turn, was weathered and trans- 
formed into a loam at a later time. Such a cycle admits of only one inter- 
pretation ; the climate turned cold and damp at first (frozen soil causes 
intense soiifluetion), then cold and dry (eolian dust = loess deposited under 
steppe conditions), and finally reverted to normal temperate conditions with 
abundant vegetation and loamy weathering (interglacial phase). This is 
the same cycle as observed further east, in Germany, but on the whole the 
climate appears to have been relatively damper (more oceanic) in France 
even during the glacial phases. 

Loess SscTioisrs of Nobtheri^ France, — The loess sections of northern 
France afford great opportunities for the investigation of the climatic 
phases of the Heistocene. A large number of sections have been made 
known, chiefly by the Abbe Breuil, and many others have been studied by 
himself and Mr. Harper Kelley, but a detaUed study of the many buried 
soils is stin wanting. The following description, therefore, is confined to a 
few important sections (or rather groups of sections) which I have had the 
opportunity to study on repeated visits under the guidance of the above- 
named gentlemen, and of which I have taken samples which were 
subsequently studied in the laboratory. 

St. FiEBRB-nES-ELBEUE. — No locality appears to be known in. northern 
France where more than two Younger Loesses separated by an indisputable 
soil are observed in one and the same section, A typical instance for the 
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two Younger Loesses resting on older loess is the section of St. Karre-les- 
Elteiif on the Seine, not far from Rouen (Fig. 25). There are several pits 
in the slop© of a spur at the edge of the valley of the Seine. 

The lowermost pit is that of the Briquetterie Bigot. Here, two Younger 
Loesses rest on the weathered surface of an Older Loess. The Recent soil 
is a hrown-earth, but the soil separating the two Younger Loesses is brownish- 
black and has crotovines In the sub-soil. It closely resembles a chernozem, 
but is more likely to be a wet-meadow soil. It is entirely free from calcium 
carbonate,, as is the subsoil to -a considerable depth. 



Fig. 25. — Combined sections of St. Pierredes-EIbeuf, near Roiien, north France. 

Not drawn to scale, becanse of the great thielmess of the section of the Grande 
Briquetterie and the considerable distance between the two sections. The top- 
soil is a brown-earth in both sections. The soil covering the first Younger 
Loess is a brown-earth in the Gr^de Briquetterie, on the upper portion of the 
slope, but in the Bigot section, on approaching the doodplain it changes into 
a black soil, probably formed under a wet meadow. 

The weathered Older Loess is of the type called argile rouge. This is a 
loamy browu-earth soil which, however, is more reddish than ordinary 
brown-earth and reminiscent 6f the mediterranean varieties of this kind of 
soil. Argile rouge is the normal weathering of the Older Loess in south 
England, north Eranc© and west Germany, and indicates dry summers with 
temperatures slightly higher than the present. 

.'t:The' upper pit' of that of 'the Grande Brjquetterie, In a 
sectidh about 20'in. deep'it'reveidS'an astonishing thickness of Older Loess, 
two ■ YouUger -Loei®^ are present as in the Briquetteri© Bigot, but 
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the separating sofl is an ordinary brown-earth. The gi’adiiig and the pH 
values of the beds are shown in Fig. 26. 

The lower part of this section consists of Older Loess, but many metres of 
it are mixed with lumps of flints derived from the Chalk (which is the solid 
rock of the district). This imstratified or indistinctly stratified mass of 
loess with flint is a solifinctipn deposit ; it is covered by Older Loess con- 
taining layers of coarse caillontis, and finally by pure, weathered Older 
Loess, he. argiie rouge. Although there are levels of a lighter shade in the 
Older Loess, it is impossible to discover farther subdivisions of a climatic 
character. The entire complex was formed under cold conditions, with 
plenty of soMuction at first, and dry steppe conditions later on. Subse- 
quently, weathering took place under a temperate climate, and a sub- 
mediterranean brown-earth soil was formed on top (argiie rouge) whilst 
decalcifieation penetrated to a considerable depth. 

The section of St. Pierre-les-Elbeuf, therefore, re\^eals the xiresence of not 
more than two Younger Loesses, preceded by a long phase of very intense 
w'eathering with summers probably hotter and drier than at present, in 
turn preceded by the formation of the Older Loess. This is the familiar 
central European succession of the two phases of the Last Glaciation, the 
Last Interglacial and the second phase of the Penultimate Glaciation. 

Mo^fTiERES. — ^The section of the pit called by Breuil Ballastiere du 
Chemm-de-fer, at Montieres, a suburb^ of Amiens, on the Somme, permits 
of tracing further back the climatic succession and of linking it with one of 
the phases of high sea-level. The section was first described and figured hj 
Breuil (19S4}. It shows two Older Loesses buried by Younger Loe|s and 
resting on the so-called 30 m. terrace of the Somme. It is composed of the 
following strata (Figs. 27, 28} : 

jr. {Postglacial top-soil, removed.) 

I. Younger Loess, mostly removed. Where the investigated section is 
preserved there is 1 m. of Y'ounger Loess but, laterally, it cuts through the 
Older Loess down to the gravel. Age of Younger Loess : Last Glaciation. 

(h. Period of erosion : Valley cutting in connection with the lowering 
of the sea-level during the earlier part of the Last Glaciation.) 

G. Argiie rotcgefendilU (upper soil of Fig. 28). This is the remnant of the 
reddish-brown weathering soil found universally on top of the Older Loess 
in northern France. Its parent material, however, appears here to have 
been a loess mixed with a considerable proportion of sand^as revealed by 
mechanical analysis. Admixture of non-loessic material is further emphasized 
by the presence of a thin and interrupted cailloutis near its base. The 
preserved thickness of this ^oil varies from 0'5 to 1*0 m. 

F, Fresh upper Older Loess (middle loess of Figl 28). This loess is impure, 
too, though to a less degree %aa (g). It is decalcified in its upper portion. 
Only 0*6^*7 m. are preserved ; enough, however, to prove that the phase 
of humid weathering evidenced by (e) was followed by a cold phase with 
deposition of loess;, ' 

E. Lower soil, reddish md uefry humic. This material also contains a fair 
amount of sand. Up to 2 m.:* are preserved, though mostly less, and in 
places fresh portions containing calcium carbonate occur underneath. 

D. fiwh material mentioned under (e), dark 
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Fig. 28. — ^Mechanical analyses of the subaerial deposits of the Carri^ire Chemin- 
de-fer, Montiferes, north France. Explanation of diagrams. Fig. 26. 
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c. SoUfiuction, produced iu the fluviatEe gravels and sands of (b). First, 
more humid, part of the cold phase, which,:' caused the deposition of (o). 

B. Fluviatile gravels arid sands of the- Middle Terrace of the Somme 


COOMBE-ROCK and SOLIFLUCTIOM GRAVEL 


i llllllllllllllllllll REDDISH SOIL 

L OC ALLY; OLDER LOESS I 
DISTURBED BY SOLIFLUCTION 


GRAVELS OF 30m.*TERRACE 


YOUMGER LOESS 


f ' 30 m. Terrace Interglacial compensatory aggradation under the 
influence of a rising sea-level. 

A. Coombe-rock and other soliflucticm material at the base of the fluviatile 
deposits. Cold phase preceding the mild period of the 30 m. Terrace. 


Fig. 27. — Section of the Carriere Chemin-de-fer, at Montieres, near Arnieas, 
north France. Back face of pit, with two Older Loesses, each covered by a 
soil. October 4, 1937. Compare Fig. 28. 
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The dating of the various deposits of this section can be based either on 
the 30 m. Terrace, or on the method of counting out the minimum age from 
above. The 30 m. Terrace runs into the T3UTheBian seaJevel (p. 231), 
of the Penultimate Interglacial. The soMuction (a), therefore, probably 
represents the Antepenultimate Glaciation, whilst the two Older Loesses 
can only be those of the two phases of the Penultimate Glaciation. The 
Younger Loess belongs to the Last Glaciation, as usual. It is apparent 
that the same dates are obtained if one works from the top downwards. 
The great value of the Chemin-de-fer section at Montieres lies in the fact 
that it provides pedological evidence for two cold phases of the Penultimate 
Glaciation in north France. 


Fig. 29. — Section of the Carri^res Bultel-Teilier, Saint-Acheui, near Amiens, 
north France. For explanation see text, p. 87. After Commont (i909c, 
1912) and Breuil and Kozlowski (1931). 

St. Ackeul, CAisBiiiiBE Bulteu-Tellier. — ^The sections of the carrieres 
Bultel and Tellier at Saint- Acheul, another suburb of Amiens, are perhaps 
the most important in Europe for the chronology of the lower Palaeolithic, 
though, in the present context, we are concerned with their geological 
aspects only. .They were extensively studied by Commont, who published 
many papers on them (especially 1909c, and others between 1909 and 1913 — 
compare bibliography ; further references in Breuii and Koslowski, 1931 ; 
Zeuner, 1936). Unfortunately, the sections are now in a state of dismte- 
gration, and it is to be hoped that the efforts of the Abbe Breuii to save 
from further destruction what is still left will eventually^ prove successful. 
Breuii and Koslowski’s paper (1931, p. 471) contains a synthesis of CommonFs 
earlier work as well as of th^ own. In the following summary Roman 
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immerals are used to designate the;, levels,: siace in CoBimont'a original 
system of lettering several important deposits have not been lettered, and 
them is a slight discrepancy :.between,- Ms and Bretiil and Koslowski’s letter- 
ing (1031). For tliO' purpose : of' reference, however, the lettering used by 
the last-named anthers is added in brackets and also inserted In Fig. 29. 

The pits Enltel and Teller were dug into the deposits of the Middle or 
30 m. Terrace of the Somme. 

I. (l + k) : The lowermost depo>sit is a gravel (l) with lenses of coarse 
sand. The gravel is covered by, and partly interstratified with, finviatile 
sands (k) containing freshwater-shells, Elephas antiqum^ and red deer. 
These gravels and sands represent the aggradation of the Middle Terrace. 
Their climatic character is interglacial.'^ 

II. The sands (k) are covered by a coombe-roek, correctly interpreted 
by Breuii and Koslowski as formed under cold conditions. 

The formation of the coombe-rock was followed, or partly contemporary 
with, a phase of erosion, during which the river cut down through the gravels 
of the Middle Terrace. 

III. Aliens of white chalky sand (Hf) rests on the surface created by 
the preceding erosional phase. It is local however. It contains numerous 
shels (Commont, 1910& ; Breuii and Koslowski, 1931), mostly freshwater 
species. The climate indicated by the shells was, according to Breuii and 
Koslowski, moderately warm,’’ and the country fairly humid, with deci- 
duous ti-ees and river marshes (p. 473). On a visit to the locality with the 
Abbe Breuii, on October 4, 1937, I was able to take a sample of a white 
chalky sand containing shells and underlying the reddish sand ” to be 
described presently. It is probable that tMs is the same layer as that seen 
by Gommont in 1907 and first described by him in 1909c. 

IV. A bed of “ red sand ” (of) covers the deposits so far described, i.e. 
they rest on the eroded surface of the gravels, sands and the coombe-rock, 
w^hiist the white sands h appear to he more closely connected with them 
than with the underlying series. This is indicated (a) by the “ weathering ” 
which occurred before g was laid down and which passes underneath h 
according to Breuii and Koslowski’s figure (1931, p, 472), and also by the 
presence of calcium carbonate, without a break, both in H and in g. Breuii 
goes so far as to regard g as the product of weathering of H (19396), but 
this cannot be so since an examination of the material of G shows it to be an 
unweathered deposit. Breuil’s assumption, however, emphasizes how 
closely H is linked with g. 

The '' red sands,” o, are not easily interpreted. The material is regarded 
as sandy by Commont as well as by Breuii and Koslowski. On examination 
it proves to be rather of a loessic nature (Fig. 30), but it contains an admixture 
of numerous small pieces of chalk and is fairly resistant to the pick, owing 

A weathering which affected the gravels x. is shown by Commont as well as by 
Breuii and Koslowski as passing underneath the sands x. If this can foe confirmed, 
the weathering sm^face within the aggradation of the Middle Terrace of the Somme 
would afford an interesting parallel to the weathering of the Lower Loaxn in the 100 ft. 
Terrace of the Thames at Swanscombe. * 

f This lettering follows Breuii and Koslowski. In Commont (1909c) the lens 
of white shelly sand bears no designation and the overlying reddish sands (usually 
called G by Breuii and Koslowski) are called h. This explains why Breuii and 
Koslowski occasionally (1931, p. 473) refer to a “ safole roux h.” 
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to an impregnation with CaCOs. This and the fact that the bed covers 
uiiconfomiably the slope, but is conformably covered by the Older Loess, 
renders it probable that it was formed as some kind of hill-wash during the 
initiai stage of the cold phase of the Older Loess, at a time when chemical 
weathering began to be superseded by mechanical weathering. The upper 
portion of the bed a indeed appears to have suffered from trailing, which 
Indicates soliflnction. 

The '' red sands a are important because of their archaeological 
contents. At the very base of the red sand§ o, on the weathered ” surface 
of the cider series, a Paiseolithic site was found, knovm as the Atelier 
Commont.” The accompanjung bones are poorly preserved, which suggests 
that the 3 " were sobjected to weathering before the bulk of the red sands was 
deposited, and that they belong to the same mild phase as the weathering 
horizon. The fauna, which comprises Elephas anfiquus and red deer, 
confirms this view. 

It is evident, therefore, that the cold phase of coombe-rock formation 
and erosion was followed by a mild phase. 


LOESS AMCIEN 7.8 


SABLE ROUX 75 


Fm, 30. — Mechanical analyses of the Bed Sand (a) and the Older Loess (e -f f), 
of^ihe section Bultel-Tellier, Saint-Acheiil, north Prance. Explanation of 
diagrams. Fig, 26. 


V. The red sands ” are covered by Older Loess (Mg. 30). There is a 
caiiioutis at its base, and the lower portion (f) is much sandier than the 
upper (e), which is a t 5 rpical Older Loess. There are large concretions of 
calcium carbonate in the Older Loess, as elsewhere, 

VI. The Older Loess is deeply weathered, the soil being called argiie 
rouge ” {!>). 

VII. There are two Younger Loesses at St. AcheuL The first Younger 
Loess is sandy in its lower portion (b^), and typically loessic in its upper 
(Bi). At its very base a caiiioutis occurs, mth mammoth, w'oolly rhino- 
ceros and reindeer, 

A second, weaker, caiiioutis is intercalated between and Bj. 

VIII. A short period of loamy weathering followed the deposition of the 
Younger Loess I. 

IX. The second Younger Loess (b) begins with another horizon of caii- 
ioutis. 

X. Postglacial weathering (a) modified the upper portion of the Younger 
Loess II. 

XI. Re-deposition, probably due to ploughing, affected the uppermost 

level' of A {A|). -'y / 

■^Thus the section "of' Bultel-TeUier at St. Aoheul supplies 
evidence for the following climatic phases : 
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Two phases of the Last Giaciation, eTidenced by the two Younger 
Loesses. ; • 

A prolonged period of intense chemical weathering, preceding the Last 
Glaciation and post-dating the Older Loess-: the Last Interglacial. 

The Older Loess cannot be later than the second or main phase of the 
Pemiltiinate Glaciation. 

It was preceded by a mild phase, a cold oscillation which can only be 
the first phase of the Pennitimate Glaciation, and by — 

A prolonged mild period during which the gravels of the Middle Terrace 
were aggraded. This period appears to have been another major inter- 
giaeiai, and sMce other deposits supply evidence of a yet earlier major 
interglacial phase, that of the Middle Terrace of St. Acheul must have been 
the .fenultimate Interglacial, 

This sequence agrees completely with those of other districts, and it 
provides further evidence for the duplication of the Last as well as of the 
Penultimate Glaciation. 

High Tebrace, St. xIcheul, CARBifiBE Fbeviele. — ^The carriere Ereville 
at St. Acheul permits of extending backwards the sequence established in 
the carrieres Bultel-Tellier. It is part of the High, or 40 m. Terrace of the 
Somme. The section (Ladriere, 1890 ; Comment, 1909c; Breuil and 
Koslowski, 1931) rests on the Chalk and is composed as follows : 

I. The earliest stratum is the lower gravels {%). In the same deposits 
in the rue dii Comte-Raoul, Breuil (1939a^ p. 25) found a molar of a primitive 
Ehphas antiquus, the same form which is present in the corresponding 
deposits at Abbeville, but absent from the gravels of the Middle Terrace. 

II. The upper part of the gravels is altered by chemical weathering. 

III. A deposit of white sand with lenses of gravel rests on the weathered 
surface of the lower gravels. 

IV. Older Loess covers the fluviatile beds just described, no doubt with 
a considerable chronological gap. The cailloutis at the base of this loess 
is the product of denudation previous to the commencement of the deposition 
of the loess. 

V. Argile rouge, weathered surface of the Older Loess. 

VI. Younger Loess. It again begins with a cailloutis. 

VII. Weathered surface of the Younger Loess. 

The important feature of the Fr4ville section is the presence of a very 
old gravel, underneath sands and gravels which can be correlated with the 
sands and gravels of the Buitel-Teilier section. They are separated from 
the older gravels by a period of denudation and weathering. The older 
gravels thus represent a much earlier phase of aggradation. 

Abbeville, Porte du Bois. — ^Twenty-five miles downstream from 
Amiens, not far from the neck of the present estuary of the Somme, lies 
Abbeville. The pits of the Porte du Bois, just outside this town, have 
been famous for many years. One of them, the carriere dii Moulin-Quignon, 
is the veritable birth-place of the Palaeolithic, since it was from here that 
Boucher de Perthes, in 1847, described for the first time human implements 
associated with extinct species of mammalia (Boucher de Perthes, 1849). 
Chronologically more important is the carriere Carpentier, from which 
d'Ault du Mesnil (1896) made known a fauna, of mammals of a very early 
Pleistocene age (often regarded as Pliocene) . 
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The section of the carrike Carpentier (Commont, 1910/; Breiiil and 
Kosiowski, ¥Ml) is as follows : 

I. The earliest deposit is a fluviatile gravel (Li) with Hippopotamus, 
rhinoceros and Equm cf. stenonis. The hippo indicates a mild climate. 

II. These gravels are covered by a greenish chalky*sand with freshwater 
shells (Ml). 

III. On this sand rests the white marl (m) with sandy layers, chalk, 
pebbles and oolitic concretions of calcium carbonate. It contains a. fauna 
composed of many early Pleistocene species and some Pliocene survivals 
(see p. 259), notably Elephm meridionalis and Ilachaimdus latidens (sabre- 
tooth tiger). This type of fauna occurs in Europe up to the beginning of 
the Antepenultimate Glaciation, and one is particuiarty tempted to compare 
it with the Cromer Forest Bed (see Chapter X, p. 260). 

IV. The white marl is separated from the upper gravel by a sharp 
erosional unconformity. Commont also observed a small bed of peat. 
The gap is emphasized by the difference in the fauna of the white marl and 
of the upper gravels. 

V. The upper gravels (l) and sands (k) contain, apart from shells, 
Ehphas antiqum (typical form, Pontier, 1928). 

In other pits also this bed has produced Ehphas antiqum, and Dicem- 
fhinus merckii and Hippopotamus, but never mammals of Pliocene affinities. 
Breuil and Koslowski (1931, p. 461), therefore, hold the view that this bed is 
considerably younger than the white marl, and that it was deposited in an 
interglacial phase later than that of the white marl, and, finally, that it can 
he coirelated with the sands k of St, Acheul, carriferes Bultel-Tellier, 

VI. A caiUoutis covers the sands. The caiUoutis is followed by an Older 
Loess, and both indicate a cold phase. 

VII. The Older Loess is completely weathered and transformed into 
argile rouge. 

VIII. Top layer, possibly containing some younger Loess. 

Whilst the loess portion of the carriere Carpentier at Abbeville is even 
less complete than that of the carriere Freviile at Amiens, the two fiuviatiie 
series are of the greatest interest. In both pits there is an upper fluviatile 
complex with a typically Pleistocene fauna, superimposed on a lower 
fluviatile complex with a fauna containing Pliocene survivals. It is difficult 
to escape the conclusion that the lower complex in both places dates from 
a mild phase considerably earlier than that of the upper fluviatile 
complex. 

The, upper fluviatile complex, however, must at least be of the age of 
the sands and gravels of Bultel-Tellier, namely at least, of the Penultimate 
Interglacial. One is therefore molined to assign the lower complex to the 
Antepenultimate Interglacial, a date which has been suggested and defended 
by Breuil for some time, and which is supported by the palaeontological 
evidence also. 

^ The question remains, however, whether unambiguous evidence can be 
brought forward for a cold period separating the gravels of the High Terrace 
with E. meridionalis from the gravels of the Middle Terrace with typical 
E. antiqum. The break between the lower and upp^ fluviatile series both 
m the carrito Carpentier and the canine Freviile proves that denudation 
and (or) erosion removed some of the, older material and that weathering 
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took place. Since the deposits are fluviatile, the denudational or erosional 
phase must have been connected with a lowering of the bed of the river. 
This, so near the sea, means a period of low sea-level. Whether this low 
sea-level phase was coupled with a period of cold climate cannot be ascer- 
tained from the two sections themselves, though Breuil (19396, p. 34) claims 
that a solifluction corroded the marl.” It is noteworthy, however, that. 
Breuil {19396, p. 35) found “ an important basal solifiuction of coombe- 
rock ” with implements '' crushed by solifluction,” underlying the deposits 
of the Mddle Terrace. This shows that a cold phase preceded the formation 
of the Middle Terrace gravels and sands. This cold phase can only be the 
Antepenultimate Glaciation. 

Summary of Climatic Divisions. — ^The evidence given for the climatic 
phases observed in the loess and solifluction deposits of north France could 
easily be amplified. The few sections discussed in this context, however, 
suffice to show that the climatic subdivisions of the Pleistocene of nortli 
Franc© are the same as those of west Germany. In particular, there are 
two phases of the Last Glaciation, a long Last Interglacial with compara- 
tively hot and dry summers, the Penultimate Glaciation with two phases, 
the Penultimate Interglacial, the Antepenultimate Glaciation and the 
Antepenultimate Interglacial. The last-named mild period exhibits a 
fauna with certain Pliocene survivals in north France as in west Germany, 
Mdchairodus being particularly typical. 

As is to be expected, there is more evidence for subdivisions of the cold 
periods in the later half of the Pleistocene, and the duplication of the Last 
and Penultimate Glaciations is clear. The question arises whether the Ante- 
penultimate Glaciation, too, comprised two cold phases, and whether the 
Early Glaciation antedating the Antepenultimate Interglacial was doubled 
or not. 

As regards the Antepenultimate Glaciation, Breuil in his latest paper 
(19396), p. 35 ; see also Bowler-Keiley, 1937, fig. on p. 27, and table, pp. 
24, 25) distinguishes Uvo levels of solifluction at the base of the Middle 
Terrace. The earlier of these is the on© mentioned (see above) as con- 
taining crushed implements. Separated from it by '' a level of sand and 
small gravel ; fluviatile stratification ” is found a level of badly stratified 
gravel with boulders, a solifiuxion generally completely washed out by the 
river, but having here and there masses of chalk, and the typical gravel of 
solifiuxion, in heaps, against which the river has piled up oblique beds of 
washed out material.” These two levels of solifluction are considered by 
Breuil as representing two phases of the Antepenultimate Glaciation (his 
table, p, 38). He does not, however, state the locality where these con- 
ditions have been observed. 

As regards the Early Glaciation, no subdivision has been established. 
There is '' the clayey coombe-rock and coarse angular gravel at the base ” 
of the High Terrace at Abbeville (Breuil, 19396, p. 34), proof of a cold period 
antedating the fauna with Pliocene survivals, but no subdivision is recog- 
nizable. In his table (19396), Breuil enumerates, with a query, a further 
solifluction phase after the fluviatile series with Pliocene survivals, but 
earlier than the basal solifluction of the Middle Terrace, calling it Pre-MindeL 
By this is evidently meant the break IV (p. 90) separating III and V in 
the carri^re Carpentier. There is no conclusive evidence for cold conditions 
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la this level, mach of the suspected soIMuction and ice-cracks ’’ being 
due to the unequal dissolution of the underlying marl. , , 

Beeuil's Latest Divisions of the Last Glaciatioh. — Until 1936 
Breiii! distinguished the same two Younger Loesses as defined here. ' In' 

1936, however, he introduced further subdivisions of the Younger Loess, 
making in all four younger Loess phases, each of which is said to be preceded 
by a phase of caiiloutis formation (Breuil, 1936, p. 10 ; Bowler-Kelley, 

1937, p. 8 ; Breuil, 19396, p. 36). Of these, the two upper correspond to 
our Younger Loess II, and the two lower to the Younger Loess I. Unfor- 
tunately the sections on which these sub-subdivisions have been based have 
not yet been specified, and there is reason to assume that they occur in one or 
two sites which have not j^et been published. 

There is a fairly heavy solifluction (with coombe-rock in places) at the 
base of the Younger Loess. Three higher levels of solifluction ” are repre- 
sented by caiiloutis only ; they are not found everywhere and are often 
replaced by blackish '' humic layers.’’ This combination of a hillwash 
with swampy layers is characteristic of the slopes of small vales in which 
no floodplain was formed, and it is probable that at least some of the dividing 
horizons of Breuil (1936 and later) are of this type. A most instructive 
counterpart is oifered by Wallertheim, where a swampy layer is enclosed in 
the Younger Loess I, and where it proved to have been formed in a fairly 
cold climate, late during the first phase of the Last Glaciation. The fact 
that Breuii’s new dividing horizons are described by himself as solifluction 
phases, shows that they cannot represent majbr oscillations with a mild 
climate. In order to establish these, it will be necessary to discover genuine 
buried soils of the brown-earth or similar types. Of these, only one has so far 
been observed in northern France, as described above (p. 84), Thus, the 
minor subdivisions of the Yomager Loess recentty introduced by Breuil do 
not appear to mark major climatic oscillations, although it is possible that 
they are of local significance. 

G. TERRACES OF THE SOMME. 

Up to this point it has been possible to avoid raising the question of the 
altitudes of the fluviatile deposits, their grouping into terraces and their 
relations to the Postglacial river and the sea-level. This somewhat extensive 
subject has now to be considered, since it supplies confirmatory evidence 
for the glacial and interglacial phases, and helps in elucidating the compli- 
cated process of valley formation of a river subjected to fluctuations of the 
sea-level (compare p. 21). It is particularly important in view of the great 
part played in the British chronology by the terraces of the Thames. 

It will be remembered that the terraces of those rivers of central Europe 
which afford chronological evidence were all of the climatic type. The 
terraces ‘of the Somme, however, are eustatic, at any rate in the lower 
course of the river ; they depended on changes of the sea-level. Conse- 
quently glacial phases are evidenced by erosion in the lower part of the valley, 
and the aggradations chiefljT: from the earlier parts of the interglacial 

phases.'"**.. ' ’■ ■ ' 

The terraces of the Soifime-have been monographed twice, by Comment 
(1910c), who did the pioneer work, and by de Lamothe (1918), who applied 
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Ms extensive knowledge of the Mediterranean region. The views of these 
two authors differ in certain respects, although they were in close touch 
with each other. This alone shows that little can be wrong regarding the 
facts, and that it is only their interpretations that differ. 

The differences of opinion between Commont and de Laiiiothe are very 
interesting from the methodological point of view. Commont was a local 
worker and concentrated on the surroundings of Amiens. Here he found 
the fiuviatile deposits roughly grouped at certain levels above the floodplain 
of the present river. He also found that there is a buried channel under- 
neath the present floodplain. Since the surfaces of the older fluviatile 
deposits are almost everywhere partly denuded and covered by later sub- 
aerial deposits, he defined his levels by the rock-benches on which the 
fluviatile deposits rest, measuring their height above the rock-bench of the 
latest aggradation, which is the bottom of the buried channel. At Amiens 
he distinguished in this way the following levels : 

The High Level ; fourth, or 55 m. Terrace, 

The High, or 40 m. -Terrace (sometimes called 45 m. Terrace), 

The Middle, or 30 m. Terrace, and 
The Low, or 10 m. Terrace. 

The heights are those above the bottom of the buried channel ; not those 
above the floodplain, nor the absolute heights. Some confusion has arisen 
from a misinterpretation of these figures. 

Breuii and Koslowski (1932, p, 27) have subdivided the Low Terrace 
into an upper and a lower Low Terrace, the latter also being called the 
5 m. Terrace. 

In extending “"his investigations to other parts of the Somme, especially 
to the Abbeville district, Commont retained the terms established at Amiens, 
and reconstructed the terraces of the river by continuing the benches 
observed at Amiens parallel to the bottom of the sunk channel. The result 
was a system of terraces parallel among themselves, but crossed at an angle 
by the modern floodplain with its much smaller gradient (Fig. 31). Com- 
mont did not consider, however, the question whether the surfaces of the 
aggradations were parallel to the benches or not. He assumed they were, 
and in this respect he was mistaken.' Yet, as regards the sloping of the 
rock-benches of the terraces, Commont's system (apart from questions of 
detail) essentially reproduces the levels to which the Somme had cut down 
at certain phases of low sea-level which, according to the"*eustatic theory, - 
were phases of a cold climate. That this is correct is shown by the universal 
presence of a basal soMuction on the benches. Conversely to the central 
European terraces, those of the Somme begin with a cold deposit and have 
a warm fauna in their upper horizons. 

De Lamothe, having studied the high (interglacial) sea-levels of the 
Mediterranean, approached the problem of the Somme terraces from a very 
different angle. He argued that the surfaces of the sheets of aggradation 
should be used in the reconstruction of systems of terraces. These surfaces 
(obtained from the highest levels of recognizable fluviatile activity in the 
sections) run into^ certain ancient high sea-levels at the mouth of the Somme. 
Their gradients diminish downstream, as should be expected of an evenly- 
graded river, but their average gradients are much smaller than those of 
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the benches, and they are ronghiy paraliel to the present floodplain. De 
Lamotho distinguished (Fig.- 32y-: 

The marine level of 103 m. above the present sea-level, (No 
flnviatile deposits preserved.) 

The sheet of La Ferme de Grace, running into a sea-level 57-58 m. 
above O.I). ■■ 

The main sheet of St. Acheul, running into a sea-level of 32-33 m. 
above O.B. 

The main sheet of Montieres, running into a sea-level of 1S-I9 in. 
above O.I). 

At Amiens, de Lamothe's aggradation surfaces can be linked with 
Comment's benches, the sheet of Montieres being the final stage of aggrada- 
tion following the cutting of the bench of the 10 m. Terrace (Low Terrace), 
that of St. Acheul, correspondingly, belonging to the Middle or 30 in. 
Terrace, and that of la Ferme de Grace belonging to the High or 40 m. 
Terrace. The higher levels of Commont's and de Lamothe’s systems 
cannot be connected reliably. 

Bumed Channel of the Somme. — It is fortunate that the buried channel 
of the Somme and its filling, up to the Recent deposits, supply the complete 
history of a cycle of fluctuation of the sea-level. The knowledge gained 
here can be applied to the earlier phases. 

The modern floodplain of the Somme (i.e. the floodplain before the 
canalization of the river) is the surface of an aggradation which took place in 
late glacial and Postglacial times. It was built in response to the rise of 
the sea-level from the very low level it occupied during the maximum of the 
Last Glaciation to its present height. The gradient of the floodplain is 
now slight and decreases downstream. 

At the maximum of the Last Glaciation, however, the Somme descended 
steeply to the low sea-level of that time, and a chamiel was eroded, linking 
the low sea-level with the river’s course higher up the valley. Had sufficient 
time been available, a complete new valley-bottom with an evenly decreasing 
gradient would have been carved out, but the profile reconstructed by de 
Lamothe (Fig. 32) is discontinuous, and shows that the erosion had only 
worked backed to near Longpre, when another rise of the sea-level prevented 
further erosion. Below this knickpoint, the gradient of the bottom of the 
channel is much steeper than the gradient of the floodplain of the present 
Somme ; above it, the gradient of the rock-bottom of the valley is about 
the same as that of the surface of the deposits resting on it. The exact 
position of the knickpoint cannot be determined, but is known within fairly 
narrow limits. 

The average gradient of the floodplain of the modern Somme between 
Daours (8 miles upstream of Amiens) and the sea is 0*032 per cent., wdiilst 
the average gradient of the bottom of the channel below Longpre is about 
0*18 per cent. Above Longpr6 it is about 0*03 per cent. 

Etjstatic Cycle oba River.— -As the sea-level rose because of the return 
of meltwater to the ocean while the climate was improving after tlie maxi- 
mum of the Last Glaciation, the eroded channel was gradually filled in. 
This process slowly extended upstream, and the gravels, peats, estuarine 
and majrine deposits naturally thickest near the mouth. Over 30 m. 
have been meastxred at the present mouth of the river. Above the knick- 
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point, however, very little was added, and not more than 3-4 m. of gravel 
floodloam and peat are found here covering the rock-bottom of the valley. 

Thus, the complete cycle of a river from interglacial to interglacial, near 
its mouth where it is 'affected by the. fluctuations of the sea-level, is as 
follows : As the climate becomes colder, the sea-ievel drops, and erosion 
works upstream, cutting a channel with a gradient steeper than that of the 
preceding floodplain. This erosion will 'be most intense when the sea-level 
is at its lowest and the climate coldest. Solifluction deposits cover the 
slopes of the valley. With the beginning of the amelioration of the climate 
the sea-level begins to rise, the sea will enter the mouth of the eroded channel 
and mixed marine and fluviatile deposits will gradually fill it. In the mean- 
time, however, the knickpoint is stiU being worked back by erosion. This 
erosion continues into the new interglacial (unless it is overwhelmed by 
deltaic deposition), and the knickpoint becomes the starting-point for the 
climatic erosion t3rpical of inland rivers during the first part of an interglacial, 
as described in discussing the central European river terraces. 

When the sea-level has reached its highest poin.t, at the climax of the 
interglacial, the floodplain of the river will approach the horizontal towards 
the mouth, and its gradient will be very small. Below the knickpoint, 
therefore, a very typical set of conditions is observed : resting on a bench 
sloping steeply down to below the present sea-level, deposits are found which 
increase in thickness downstream, and the surface of which runs into an 
ancient high sea-leveL These deposits are cold at the base and warm higher 
up, the uppermost fluviatile beds dating from the climax of an interglacial. 

Some ^stance above the knickpoint, however, the normal cycle of 
climatic erosion and aggradation will have prevailed. Here the river 
aggraded while the climate became colder and eroded while the climate 
became warmer after the maximum of a glaciation, and continued to erode 
until the climate began once more to deteriorate. 

In the part of the river where the knickpoint is situated conditions are 
bound to be very complicated and entirely dependent on the speed and 
power of action of the two rival cycles involved. 

Not counting the subphases of the glaciations, the Somme has gone 
through these cycles four times at least. Below the knickpoint the rock- 
benches slope down so steeply that the aggradations of later interglacials 
often cover the denuded remains of earlier aggradations left on their rook- 
benches, as is the case for instance in the carriere Carpentier at Abbeville. 
A careful determination of the heights of the rock-benches and a plotting 
of the results on a longitudinal profile should clearly bring out the channels 
cut during the glacial phases previous to the Last Glaciation. This has, to 
my knowledge, not yet been done for the Somme, so that at the present 
moment we have to be satisfied with a somewhat scanty piece of evidence. 

Gbabibkt OB THE Rock-Bb5^ch OF THE High Tebeace. — ^At St. Achcul, 
carriere Freville, deposits of the High Terrace are preserved beneath the 
aggradation of the Middle Terrace, whose surface just reaches this level. 
These High Terrace gravels are, of course, the remains of an aggradation 
which once reached up to the top level of the High Terrace as determined 
by de Lamothe, and was eroded and denuded during the low-level phase 
which separated the High and Middle Terraces. The rock-bench beneath 
the High Terrace gravels of the carriere Freville, therefore, is that* of the 
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High Terrace^ and has nothing to do with the Middle Terrace* From data 
supplied by various authors, it lies at about 45 m. 0,B. 

In the carrike Carpentier at Abbevlile, 25 miles downstream, the same 
deposits are observed again, and the rock-bench of the High Terrace proves 
to be at about 29 m. O.D. From these values the approximate gradient of 
the bench of the High Terrace is obtained as 0'04 per cent. This is appre- 
ciably higher than the gradient of the surface of this terrace (0*032 per cent,). 

The reason why it is so difficult to disentangle river terraces of the 
eustatic type is now obvious. Since in a system of climatic terraces of an 
inland river the terraces rim practically parallel to one another and parallel 
to the floodplain and, in addition, their benches are parallel to the aggrada- 
tion surfaces, it is comparatively easy to establish a succession of events. In 
a eustatic system, however, there is a divergence downstream, the degree 
of which depends on the heights of the sea-level phases involved. Moreover, 
in eustatic rivers the majority of good sections are crowded into the neck 
of the estuary, w^here conditions for preservation were better than further 
downstream and where, owdng to the frequency of human settlement in 
such places, more pits are available for examination. Unfortunately, this 
is Just the stretch of the river where knickpoints are likely to occur. The 
position of knickpoints depends on the intensity and duration of the erosional 
phases which created them, and some lie higher upstream than others. In 
this zone, therefore, there is likely to be some overlap of the climatic aggra- 
dation and erosion from the river’s course above the knickpoint and of the 
eustatic erosion and aggradation from downstream. Very complicated 
conditions are the inevitable result. Eiver systems of this therefore, 
cannot be regarded as very suitable for the reconstruction of the climatic 
chronology of the Pleistocene. It is interesting to note in this context that 
the cEmatic chronology of Breuii and other workers in northern France is 
largely based on the character of the deposits, and not on the river teiraces 
as such. 

Nobth France : Summary*— In spite of these difficulties, de Lamothe’s 
work has enabled us to link the climatic chronology of northern France (as 
summarized on p. 99) with the fluctuations of the sea-level. Since the 
climatic chronology of France agrees well with that of central and east 
Europe, it provides the means for connecting the climatic phases of tlie 
Pleistocene of temperate Europe with the various phases of high sea-levels 
established in many parts of the world, and therefore an ultimate basis for 
world-wdde correlation. This matter will be treated more fuEy in Chapter 
IX. The succession of climatic phases established in northern France is 
summarized in the table, Fig. 33, which should be compared with the 
summary table (Fig. 24) of central and east Europe, and with that of the 
morainic areas (Fig. 17). 

PiiiEi^TocteNE cSoaoNonooY OR HBM Timpisract Part or the Continent 
OR Et^rore, — S uch a comparison «shows plainly how consistent the results 
are which have been obtained in these various districts. It becomes evident 
that the climatic fluctuations were ubiquitous in the r^on so far considered. 

The outstanding reshltsl applying to the whole of temperate Europe, are 
as follows : The Last GKdatiOn is divideki into two main phases, whilst in 
'soffib'ffifiAriefe d thirds weakerj^ 'jiiase'is recognizable. 

The L^t InterglacM was long and had a period of hot and dry summers. 
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It was longer than the Postglacial and longer than the intorstadial between 
the two main phases of the Last Glaciation. 

The Pennltimate Glaciation comprised two main phases, of which the 
secoiid, appears' to have been 'more intense than the first. On the whole, 
the Pemiitimate Glaciation was more intense than the Last Glaciation. 

The Penultimate Interglacial was long and mild, climatically similar 
to the Last Interglacial. 
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Fig. 33. — ^Con’elation of the subaerial and fluviatile deposits of the lower Somme 

area, north France. 

The Antepenultimate Glaciation comprised two main phases. In 
intensity it rivalled with the Penultimate Glaciation. 

The Antepenultimate Interglacial was mild, but its climatic character 
cannot be determined in detail. Its fauna contains Pliocene survivals. 

The Early Glaciation comprised two phases in the Alps, but no evidence 
of this subdivision is preserved in the periglacial area or in the Scandinavian 
area. 

Earlier glacial phases have been recognked in the Alps and in the peri- 
glacial area of Germany. 

In the periglacial area of Germany a minor cold oscillation interrupted 
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the Last Interglacial, and one or two such oscillations appear to have 
occurred ' during the Penultimate Interglacial. 

The sttCGOSsioii of climatic phases. Just outlined applies to a wide region, 
and Is firmly established by numerous purely geological observations. Nearly 
all the phases are evidenced by buried sofls either of the chemical, or the 
physical, type of weathering, a method far more reliable than any other in 
the Pleistocene, Confirmatory evidence has been afforded by river terraces, 
glacial deposits, and fauna and flora. Only the duplication of the Early 
Glaciation, and the cold phases preceding it, have not been proved by means 
of soils, but by moraines and river terraces only. 

The essence of this succession, which will henceforth be called the 
detailed relative chronology ^ is the probable triplication of the Last Glaciation 
and the duplication of each of the three preceding major glaciations. It 
will be seen later on that it provides the basis for an absolute chronology of 
the Pleistocene and, therefore, of the evolution of flora, fauna, and of man 
himself during this period of time. 



CHAPTER IV 

THE PLEISTOCENE CHRONOLOGY OF THE BRITISH 

ISLES 

' In Britain, Pleistocene stratigraphy has developed' on more independent ■ 
lines than on the Continent, largely beeanse its geographical separation 
discourages correlation with other countries. But this is not the only 
difficulty. 

At ^ times during the Pleistocene the British Isles had a relatively 
more oceanic climate than the remainder of Europe, This fact jfinds its 
chief expression in the dominance, during the glacial phases, of solifluction 
in Britain as against wind action (loess steppe) on the Continent. 

Furthermore, in any given area on the Continent, the transgressing ice- 
sheet had a single origin, coming either from Fennoseandia or from the 
Alps while, in the British Isles, several centres of glaciation were active, 
the ice-sheets fusing or, m some districts, replacing one another in the course 
of a glaciation, and linking up repeatedly with the Scandinavian ice-sheet 
that came across the North Sea. It is much more difficult, therefore, to 
disentangle British than Alpine or north German moraines. 

In view of these and other difficulties, the succession of climatic phases is 
less hrmly established in Britain than on the Continent. It can be shown, 
however, that the relative chronologies of the two areas do, in fact, agree 
closely. In order to outline the British succession of climatic phases, the 
bare minimum of evidence has been quoted in the following paragraphs, 
sections and areas having been selected for their chronological signSicanee 
only, disregarding their archaeological or other local import. 

The discussion is best limited to two main groups of deposits : (a) the 
glacial deposits of East Anglia and Wales, and (b) the fluviatile deposits of 
the Thames Basin. 

A. MORAINIC DEPOSITS. 

Norfolk. — ^Norfolk is the classic land of morainic stratigraphy. In 
the middle of the last century S. V. Wood (father and son) studied the 
MoUusca of the Crags, the marine deposits which underlie the glacial 
deposits of the area. Two strata of boulder-clay were then distinguished 
and recognized as of glacial origin. In 1867 F. W, Harmer began the publi- 
cation of a number of important sections from the neighbourhood of Norwich, 
partly in conjunction with S. V. Wood, All these sections show, in essence, 
the same picture, *80 that one of the oldest published (Harmer, 1867, p. 89, 
fig. 2) can be used as the prototype (Fig. 34). This section, across the Yare 
valley above Norwich, from Tuck’s Wood Farm to Arminghail Wood, shows 
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on an ©Ten surface of the Chalk-, on both sides of : the .Talley, ^ tbliowing 

succession : 

7. A sheet of upper, chalky, boulder-clay. ^ ^ ^ ^ ^ ^ 

6. A stratum of sands. 

5. A lower boulder-clay, the Norwich Brickearth. ■ , 

4. Sands. 

In neighbouring sections, beds 2 and 3, the Chillesford Crag, are present. 

Sections of this kind have been interpreted as proving the occurrence 
of two glaciations following the deposition of the Crag series. That beds 
5 and 7 are not merely minor oscillations of the same ice-sheet is shown, in 
the Norwich area, by the weathering of the lower moraine, i.c. the Norwich 
Brickearth. This argument has been used particularly by Boswell (1923, 
pp. 218-219), who says that “ the latter deposit has the appearance of having 
been well weathered before the deposition of the sands and gravels on it, 
and it is usually thoroughly deealcffied.*' 

The separation of the two boulder-clays of the Norwich area by a full 
interglacial or interstadiai is further, and independently, shown by the topo- 
graphical position of the upper boulder-clay. Unlike the lower boulder-claj^ 
the tipper descends into the valleys, where it occurs in many places at a 
level lower than that of the Norwich Brickearth (Fig. 34). The cutting of 
the valleys of this part of Norfolk, therefore, must have taken place between 
the two glaciations. Sections testifying to this are numerous around 
Norwich, and have been described by Harmer (1867), Wood and Harmer 
(1869, 1877), Harmer (1902, 1910). The significance of this evidence was 
first recognized by Wood and Harmer (1869), discussed exhaustively by the 
same authors (1877), again by Harmer (1910, p. 119), and confirmed by 
Boswell (1923). It is certain, therefore, that a prolonged period of erosion 
intervene between two glaciations in the Norwich area. 

A third argument in favour of the separation of the two glaciations by 
a long interval is provided by the sands which intervene between the two 
boulder-clays. In the majority of sections these sands appear to be glaci- 
fluvial, belonging either as an after-phase to the Norwich Brickearth glacia- 
tion or, more likely, as an advance-deposit to the upper boulder-clay 
glaciation. In some localities, .however, mostly not far removed from the 
present coastline in the neighbourhood of Yarmouth, they contain marine 
shells. 

The marine Mollusca of the so-called '' Mddle Glacial sands have by 
some been considered as derived from the Crag, but Wood and Harmer 
(1872-4) held that they were contemporaneous with the sands, although 
rodeposited within the same. A list of the shells found, for instance, at 
Billockby is given in Woodward (1881), and those found at Gorton were 
studied by Harmer in 1902, and in his memoir of the Pliocene Mollusca 
(1914-1925). As late as 1928 Harmer reiterated this view, which has been 
favoured also by Boswell (1931, p. 92) and accepted by Baden-Poweil and 
Moir (1942). The section in the sea-cliff at Gorton, south of Yarmouth, is 
important because it shows the marine sands resting on calcareous '' Norwich 
Brickearth,"' and covered by a blue Chalky- Jurassic boulder-clay. It is 
highly probable, therefore, that the sea stood at a higher level than to-day 
for some time during the inter-phase which separates the lower from the 
upper boulder-clay of tins area. 
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Thus, weathering, valle}^ erosion, and- marine transgression proTide 
cumulative evidenee ' for two .independent glaciations of eastern Norfolk, 
and for an intervening interglacial of long . duration. 

Cromeb Area. — ^The area, of Cromer, on the north coast of East Anglia, 
permits the sequence established in- '.the Norwich district to be extended in 
both directions. ■ ■ 

In the sea-cliffs both east and west .of .Cromer two types of moraine are 
found, capped by, or combined with, , and sometimes separated bj^ sands 
and gravels. The lower moraine is called the Cromer Till, the upper, the 
Contorted Drift. The latter is clearly transgressive and occasionally cuts 
down into the Till and even reaches the Chalk, but as no weathering has been 
found on the surface of the TiU, the two moraines may be deposits of two 
successwe ice-streams of the same glaciation. This suggestion has been 
made repeatedly, and in Harmer's times the two together were regarded as 
the equivalent of the Norwich Brickearth. 

A new phase in the investigation of the Cromer sections began when 
Boswell (1931) discussed the pros and cons of this correlation. In the folio w'- 
ing year, Solomon (1932) investigated the succession in great detail, and 
applied heavy mineral analysis in order to distinguish the strata. For 
convenient reference, his succession (which is composite) is repeated here : 


H. 12. 

Brown Boulder-Clay 

. Hessle. 

L. 11. 
L. 10. 

Ridge Gravel 

Mscellaneous Brickearths 

' 1 Little Eastern. 

i. 9. 

Bacton Valley Gravel . 

. Interglacial. 

C. 8. 

Chalky Outwash Gravel and Sand \ 

C. 7. 
C. 6. 

Chalky Boulder-Clay , 

Sands and Gravel 

i Great Eastern, 

C. 5. 

Glacial Lake Clays 


N. 4. 

Sands (Mid-Glacial) . 

• 1 

N. 3. 
N. 2. 

Upper Till .... 
Mundesley Sands 

1* North Sea. 

N. 1. 

Lower Till 

. I 


Underlain by Leda myalis Beds, Forest Bed, etc. 

ITrom our present point of view his outstanding result is that most of 
the Till belongs to a glaciation earlier than that which produced the bulk 
of the Contorted Drift. He substantiated this distinction by the following 
arguments : (a) A considerable period of erosion must have intervened 
between the deposition of the North Sea Drift (=Till) and the advent of 
the Challvy Great Eastern ice-sheet (ie. Contorted Drift ; Solomon, p. 269) ; 
(6) the contents of heavy minerals of the Till are distinctive (p. 245), whilst 
that of the Chalky Boulder-Cla^^ is very variable (pp. 247, 260) . In detailed 
sections, however, Solomon was compelled to disagree with earlier observers 
as to which of the two moraines is present. Some of the '' Till has been 
incorporated in the deposits of the later glaciation (p. 244), whilst some of 
the Chalky Boulder-Clay is classed with the Upper Till (p. 270). These local 
uncertainties, however, are insignificant, if only a single good section exists 
proving that two boulder-clays are separated by an interglacial or interstadial. 

Recent work by Baden-Powell and Moir (1942) appears to provide one 
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or two sections of this kind. These authors describe from Runton, west of 
Cromer, marine fossiliferous sands nnderlain by the North Sea Drift and 
co¥ered by a Chalky bonlder-clay. The fauna of these sands agrees with 
that of Corton, sonth of Yannonth, and it is ' emphasized that the shells 
cannot be derived from the Crag. ^ The sands' are termed '' the '' Corton 
■■■Sands/’*' ... ■ 

One point where the position of the Corton sands can be seen is at the 
gap of West Eunton, where two synclines are filled with marine sands and 
gravels containing many shells. Lr the westerly syncline. Chalky boulder- 
clay is found on top of the sand. A second important exposure is in the 
gravel-pit at East Eunton, where the succession (1) lower moraine, (2) sands 
and gravels with shells, (3) very chalky bouider-elay, can be established. 
When I visited this pit with Messrs. Baden-Powell, Kimball and Moir in 
July, 1939, the sand underneath the upper boulder-clay appeared to be 
deeply weathered, the weathermg having taken place before the Chalky, 
unweathered, boulder- clay was deposited over it. 

In spite of many local difficulties in identifying the members of the 
succession in individual sections, the general succession at Cromer appears 
to comprise a lower and an npper moraine separated by considerable erosion, 
by weathermg and by a transgression of the sea. The same criteria were 
used to estabhsh two glaciations for the Norwich area. As far as the avail- 
able evidence goes, therefore, at least two great glaciations have passed 
over Norfolk, (1) that of the Norwich Brickearth and the Cromer Till, plus 
part of the Contorted Drift, and (2) that of the Chalky Boulder-Clay, with 
parts of the Contorted Drift. The terms adopted by Boswell (1936) will 
henceforth be applied to them, namely North Sea Drift ’’ Glaciation for 
the older, and '' Great Chalky Boulder-Clay ” Glaciation for the younger. 
The intervening interglacial may, in accordance with Baden-Poweli and 
Moir, be termed the “ Corton Sands ’’ Interglacial. 

The Cbag Series. — ^The Till of the Cromer Coast overlies the weU-known 
Forest Bed Series (the Cromerian and this, in turn, the succession of the 
East Anglian Crags. These deposits have been studied repeatedly, notably 
by Wood, Harmer, E. T. Newton and Clement Reid. They were originally 


(Cromer TiU.) 

(8) Leda mycdia Bed 
(7) Cromer Forest Bed 
(6) Weyboume Crag 
(5) ChiUesford Crag 
(4) Norwich Crag , 

(3) Newer Red Qrag 
(2) Older Red Crag 
(1) Coralline Crag , 


Glacial. 

Marine. 

Pluviatile-estuarine. 

Estuarine-marine. 

Fluviatile-estuarine. 

Estuarine. 

Marine shore deposit. 


* In the Cromer area they were regarded by many authors as younger than the 
second moraine, because of their occurrence in the coast section above some contorted 
drift (thus corresponding to Solomon’s C8, Solomon, 1932, p. 249), though Wood, 
Harmer and Held (1882) assigned to them the position which they possess according 
to Baden-Powell and Moir. East of Cromer, the Corton Sands may be represented by 
Solomon’s N4, sands of maxine appearance intercalated between the Till and the Chalkv 
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regarded as Pliocene, but since Ray Lankester’s' days (1912) they have with 
good reason been partly inclnded' in' the Pleistocene by several authors. 

Since it is impossible here to discuss the entire problem of the age of 
the Forest Bed and the Crags, the two points most important in the present 
context have been selected, namely (a) the palaeontological age of the Forest 
Bed, and (6) the climatic succession evidenced by the Crag deposits. For' 
reference, the sequence of deposits is given first (see table, p. 104). 

The Age of the Foeest Bed. — The' flnviatile and estnarine sands, 
gravels and peats of the Cromer Forest Bed are separated from the moraine 
of the North Sea Drift by a complex containing the Leda myalis Bed (marine) 
and the Arctic Freshwater Bed. The relative position of these two is not 
clear. The Geological Survey considered the Arctic Freshwater Bed as 
the younger, but' Solomon (1932) found reason to believe that the Leda 
myalis Bed was formed after the Arctic Freshwater 'Bed. ' Since ^ both were 
formed under cold conditions, on the evidence of their fauna and flora 
(Reid, 1882, pp. 46, 83), the relative position matters little from our point 
of view. They tell of a cold climate reigning previous to the arrival of the 
ice of the North Sea Drift. Whether this was a separate cold phase, or only 
the beginning of the phase of the North Sea Drift, cannot be decided. 

The underlying Forest Bed at Cromer*** was formed in a temperate 
climate. This is shown by the abundant flora (Reid, 1882, 1890) and fauna 
(Newton, 1882). Geologically, the relative age of the Forest Bed is later 
than the entire C^ag succession, but earlier than the North Sea Drift. 
Palaeontologically, the fauna (see Chapter X, p, 260) provides some clue 
to the age. There are sixty forms of land-living mammals, and almost 
half of this number are known to have been extinct on the Continent by 
the time of the Elster Glaciation. Some of these are survivals from the 
Pliocene. The Forest Bed, therefore, belongs clearly to the early Pleisto- 
cene, The age relative to Continental deposits has been worked out in 
greater detail by comparing its fauna with faunas like Mosbach, Mauer, 
Stissenborn, the stratigraphical position of which is known (Zeuner, 1937). 
It has been found in this way that the Cromer Forest Bed is slightly older 
than Mauer near Heidelberg (p. 261). 

Mollhsca of the Ceag Seeies. — ^The enormous number of bivalve 
and gastropod shells in the estuarine and marine Crags of East Anglia 
suggests a statistical analysis as a help in forming an idea of the climatic 
conditions under which the successive Crag faunas lived. This is a matter 
of some importance since, according to several authors, icebergs brought 
large erratics into the Crag sea. In spite of the many Mediterranean species, 
therefore, the Crag sea appears to have been cold at certain times, Boswell 
(1936) is prepared to admit the possibility of a cold phase in Crag times, 
but he considers that the sheUs merely indicate a steady fall in temperature. 
Ray Lankester (1912), however, was satisfied that glacial conditions set in 
at "the beginning of the Red Crag deposit. This author pointed out 
the crucial difficulty in the climatic analysis of the Crag fauna. During the 
successive stages of the Crags, older Crag deposits were worked up by the 
sea and their shells incorporated in the later deposits. He further pointed 
out that in a contiguous series like the Crags, some species may have survived 

* The Forest Bed at Baeton contains a colder fauna than that at Cromer and is 
perhaps later, possibly representing the Arctic Freshwater Bed of the Cromer area. 
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adverse conditions for some considerable time. It follows that the dis- 
appearance of species or subspecies is a bad indicator of climate. This is 
illustrated m our table below, by the Mediterranean '' poup of shells, 
whose number decreases very padualiy. 

On the other hand, newly-appearing forms do not suffer from the impedi- 
ments described ; they are, therefore, good climatic indicators, provided 
they are numerous enough to point to a definite type of climate. Once 
they have appeared, however, they are subject to the same rules of re- 
deposition and survival as are the older members of the fauna. Applied 
to the Crags, this means that a cold phase would be expressed by a sudden 
upward jump in the number of arctic shells, without subsequent conspicuous 
drop. 

The following table of the composition of the Crag fauna is the modifi- 
cation of one published by Boswell (1931). Extinct forms are omitted, 
since they do not help in determining the climate. The number of living 
British species is reduced, or brought up to 100, the other groups being 
reduced or increased in proportion (Zeuner, 1937). 

Relative numbers. 

Total : "i , II III , 

number. biving Britisb. Arctic. Mediterranean. 

Forest Bed . , 19 . 100 . 0 {?7) . 0 

Weyboume Crag . 53 . 100 . 21 . 0 

Chiiiesford Crag . 90 . 100 . 10 . 3 

Norwich Crag . 112 . 100 . 11 . 9 

Newer Red Crag . 199 . 100 . 10 .18 

Older Bed Crag . 148 . 100 . 2 . 22 

Comlline Crag , 420 . 100 . 0*5 (0) . 41 

This table show\s that a sudden influx of arctic shells occurred twice, 
once in the Newer Red Crag, and again in the Weybourne Crag. It is 
probable, therefore, that two cold phases occurred during the deposition 
of the East Anglian Crags. Since the Cromer Forest Bed has a temperate 
land fauna, it appears that the two cold phases of the Crags were separated 
from the North Drift by an interglacial. 

The Later Glacial Phases oe East Anglia ; Hunstanton Boulder- 
Clay. — The sequence of climatic phases which followed the glaciation of 
the Great Chalky Boulder-Clay cannot be established reliably in East Anglia. 
There is conclusive evidence for one further glaciation, that of the brown 
Hunstanton Boulder-Clay. This moraine is restricted to the north coast 
of East Anglia between Hunstanton and Morston, where it is found at a 
low elevation, reaching 60 ft. O.D. only at Stiffkey. It fills depressions in 
the earlier members of the succession, and this suggests that a period of 
erosion (and possibly other events) occurred between the Great Chalky and 
the Hunstanton Boulder-Clays. 

The Hunstanton Boulder-Clay is generally correlated with the Hessle 
Boulder-Clay of Lincolnshire, and thus included in the ''Newer Drift’’ of 
Britain. 

There are indications, however, that a further glacial phase intervened 
between the Great Chalky and the Hunstanton Boulder-Clays. Observa- 
tions which have been interpreted in this sense fall into two groups, (a) those 
relating to the area of the Ckomer Ridge, and (b) those relating to an " Upper 
Chalky BQulder,Clay,’V. ' 
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The Cbomee Ribob. — ^Superimposed on the Great Chalky Boulder-Clay 
deposits at Cromeij a conspicuous zione of hilly country extends for 20 mEos 
east and west of Cromer, the famous .Cromer Ridge/' ^ It is regarded as a 
terminal moraine, and its structure corroborates this view. The northern 
slope of the Ridge is steep and passes down into a comparatively even 
surface (most of which, however, has been destroyed by the sea). This is 
the flat cliff-top on which Cromer, Runton'and Sheringham lie. The north 
side thus presents the concavity in which the ice lay. The Ridge itself is 
built up chiefly of violently contorted gravels and some boulder-clay, all of 
which, having suffered from ice-pressure, are older than the ice-advance 
which produced the ridge. A second set of gravels is uneontorted and 
spreads from the ridge southwards (Solomon's '' L. 11 "). These appear 
to be the outwash gravels of the Cromer Ridge stage. The eskers at Blakeney 
and Morst-on may be mentioned to complete the picture, which, indeed, is 



Fig. 34.^ — Section across the Yare Valley above N'orwich. After Harmer, 1867, 
fig. 2. This type of section has been interpreted either as evidence for three 
successive ice-transgressions, the boulder clay (a) in the valley being taken 
as an independent third sheet, or as proving only two transgressions, (a) 
being the valley equivalent of the upper boulder clay (7). 

(4) Sands with pebble beds (? Crag). 

(5) Lower boulder clay. 

(6) Midglacial Sands. 

(7) Upper boulder clay. 

(9) Valley gravel, 

{a) Third ” boulder, clay in the valley. 

that of a remarkably fresh glacial landscape. In north Germany, a feature 
of this kind would be assigned without hesitation to the Weichsel Glaciation, 
on account of its freshness. The possibility, therefore, has to be considered 
that the Cromer Ridge is the terminal moraine of the Hunstanton Boulder- 
Clay glaciation. This boulder-clay lies entirely within the Ridge area and 
at a lower level so that, topographically, the arrangement complies with a 
radial cross-section through the marginal deposits of an ice-sheet. 

Two geological arguments have been put forward against this ciironolo- 
gical identification of the Cromer Ridge with the Hunstanton Boulder-Clay. 
The first is the petrological one that the erratics of the Cromer Ridge 
Gravels and the * Hunstanton Boulder-Clay are quite different (Solomon, 
1932, p. 251), as are the heavy minerals (Solomon, 1932, pp. 261, 262). This 
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indicates different sources. " The second is that at Morston, at a height of 
not more than 20 feet aboTe the present sea-level (the base of the Cromer 
Ridge is about 50 ft, O.D.), a shingle bar or beach is covered bj Hunstanton 
Bouider-Clay. This would prove that erosion and a marine phase intervened 
between the Cromer Ridge and- the Hunstanton Boulder-Clay (Solomon, 
1982 ). 

If one regards these two arguments as proof of the separation of the two 
phases, one has to accept a glacial phase, or glaciation, intervening between 
the Great Chalky-Boulder Clay and the Hunstanton Boulder-Clay. It is 
called by Solomon Little Eastern Glaciation and is restricted to the 
CVomer Ridge area, as far as the evidence 23rodueed by Solomon goes. 

The Uppeb Chalky Boijldeb-Clay. — different line of argument in 
favour of a glaciation of the portion assigned to the Little Eastern by 
Solomon is based on the succession of boulder-clays. It is claimed that in 
south-eastern Norfolk and in Suffolk, where the Hunstanton Boulder-Clay is 
absent, a third sheet of ground-moraine occurs, the Upper Chalky Boulder- 
Clay,” supposedly younger than the deposits of the Great Chalky Boulder- 
Clay Glaciation. The first to claim its existence was Harmer (1867, 1869). 
Although he withdrew this interpretation almost at once (1869, pp. 448, 449), 
it may well, be that his original view was the correct interpretation, at any 
rate of the section at Trowse, near Norwich. In 1868, Wood (in Wood and 
Rome) suggested the existence of three different boulder-clays, rel 3 ring on 
the section at Hedon in Norfolk, which interpretation he appears never to 
have retracted. An upper or Chalky Boulder-Clay, later than the Contorted 
Drift and the Cromer Till, was advocated by H. B. Woodward (1885). 

Thus, there are indications of three morainic sheets in south-eastern 
Norfolk. It must not be overlooked, however, that actual superposition 
of three boulder-clays in one section has not yet been found, and that many 
localities showing the Upper Chalky Boulder-Clay ” at the bottom of a 
valley can be interpreted by assuming that the second boulder-clay descended 
into tho valley (Fig. 34). 

In Suffolk the position is somewhat different. Only two sheets of 
boulder-clay, or their equivalents, have been observed here, but on the 
ground of their appearance and lithology, they are generally believed to be 
the second and third of the south-east Norfolk sheets just mentioned. 

In 1914 Boswell described two sections from Stowmarket showing 
apparently glacial disturbances of the brickearth overlying the Great 
Chalky Boulder-Clay. In 1920 Reid Moir suggested that there appeared to 
be two Chalky boulder-clays in the Ipswich district, and since then Boswell 
has stated that there is an Upper Chalky Boulder-Clay stratigraphically 
as well as lithologically distinct from the Chalky- Jurassic {i,e. Great Chalky) 
Boulder-Clay ” (Boswell, 1931, p. 97). The ice of the Upper Chalky Boulder- 
Clay glaciation would thus have extended south to Hoxne, Stowmarket and 
Ipswich. 

The presence of deposits of two independent glaciers in the Ipswich 
area has been substantiated by MoClintock (1933, p. 1049). He found that 
a mature soil profile ” separated beds of glacial outwash from overlying 
boulder-clay in Bolton’s Pit, so that a time of temperate climate appears 
to have intervened between the two. 

- It is clear that if this Upper Chalky Boulder-Clay represents a glacial 
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phase later than the , Great Chalky Bonlder-Clay , it must stiE antedate 
Solomon’s Little Eastern phase, since the latter terminates with outwash 
gi’EYel along the Cromer Eidge, far north of the area of BoswelFs Upper 
Chalky Boulder-Clay (see Solomon, 1932, fig. 23). Two alternative explana- 
tions suggest themselves. If the Cromer Bidge phase, b© .regarded e 
retreat stage of the supposed Upper Chalky Boulder-Clay Glaciation, the 
two may be considered as one major' glacial episode. The, evidence nowhere, 
contradicts this interpretation. Thus, there is a serious possibEity that at 
least one more glacial period occurred between the Great Chalky and Hun- 
stanton Boulder-Clays. 

Equivalence oe Boulbeb-Clays in Norfolk anb Suffolk. — On the 
other hand, no section is known with aE three ground moraines (North Sea, 
Great Chalky and Upper Chalky) in superposition, but many sections exhibit 
two. Now, the correlation of the Suffolk sections with their two boulder- 
clays with those m Norfolk has been based on the blue colour and Jurassic 


Fig. 35. Fro. 36. 

Figs. 35, 36. — Suggested interpretation of different boulder clay facies in East 
Anglia, for the North Sea Drift Glaciation (Fig, 35), and for the Great Chalky 
Boulder Clay Glaciation (Fig, 36). 

contents of the matrix of the lower boulder-clay in Suffolk and the upper 
boulder-clay in parts of Norfolk, particularly at Gorton. But it is quit© 
conceivable that this method of petrological correlation of boulder-clays 
is unsound (it has been proved repeatedly to be so on the Continent), in view 
of the great distance of the sections from one another. If this is so, the 
blue upper boulder-clay at Corton may weU be the equivalent of BoswelFs 
white upper boulder-clay of Suffolk, and the blue lower boulder-clay of the 
Ipswich area the inland equivalent of the North Sea Drift of northeast 
Norfolk (Figs. 35, 36) . This would mean that the two glaciations represented 
in Suffolk are the same as the North Sea Drift and Great Chalky Boulder- 
Clay Glaciations of Norfolk. 

In this case, Solomon’s Little Eastern Glaciation might be an independent 
phase. This is the second alternative interpretation of the Cromer Bidge 
phase. In either case, however, whether Upper Chalky Boulder-Ciay and 
Cromer Ridge be combined, or the Cromer Bidge left as an independent 
episode (the Upper Chalky Boulder-Clay being identified with the Great 
Chalky Boulder-Clay of Norfolk), a glacial episode has to b© intercalated 
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between the Great Cbalky and Hunstanton Boulder-Clay' Glaciations of 
Norfolk, to whieb episode Solomon's term Little Eastern ’’ is conveniently 
applied; ■■ 

It must be admitted, however, that the evidence for the Little Eastern 
Glaciation does not amount to conclusive proof. As has been said above, 
it may, after all, have to be merged with the Hunstanton phase in spite of 
Solomon's arguments. On the other hand, if one combines the two alter- 
natives given above, equating the Upper Chalky Boulder-Clay of Suffolk 
with the Great Chalky Boulder-Ciay of Gorton and the Norwich area and 
regarding the Cromer Eidge as a retreat phase of the glaciation responsible 
for both, the Little Eastern woxild again be degraded to an unimportant 
position in the chronological sequence. 

CmMATlc SiJCCESSiOK OF East ArfGUA : Summary.— The succession of 
climatic phases in East Anglia thus appears to have been as follows : 

(14) Hunstanton Boulder-Clay glaciation. 

(13) Interval with erosion, and sea-level at about the 
present height. j Evidence less 

(12) Little Eastern Glaciation. ] conclusive than 

(11) Interval. tfor other phases. 

(10) Great Chalky Boulder-Ciay Glaciation. 

(9) Interglacial with sea-level higher than at present. 

(8) North Sea Drift Glaciation. 

(7) Forest Bed, temperate phase. 

(6) Weyboume Crag, with cold phase. 

(6) ChiUesford Crag. 1 Temnerate 

(4) Norwich Crag. . / ■‘■®“iperate. 

(3) Newer Red (>ag, with cold phase. 

(2) Older Red Crag, temperate. 

(1) Coralline Crag, temperate or warmer. 

It must be noted that this is the minimum of climatic fluctuations that 
can be recognized, and that certain evidence (Hoxne, for instance), or a 
different interpretation of the evidence here used, might add further phases 
to the sequence. At the present state of our knowledge, the glacial part 
of the succession, from (8) to (14), resembles strikingly the north German 
sequence of Elster, Saale, Warthe and Weichsel, even m the elusive 
character of the Warthe phase and the corresponding Little Eastern phase 
in East Anglia. 

Miularus akd North. — Since the sole purpose of the present discussion 
of the morainic succession of Britain is the. establishment of a minimum 
sequence of climatic events, the interesting work done on the Pleistocene 
of the Midlands and the North need not be considered. The number of 
petrologically distinguishable sheets of boulder-clay is greater in the North 
than in East Anglia, but it is ah b;^n que^ion how many glacial phases they 
represent. Careful mapping with a view to finding weathering horizons and 
interglacial dej^sits will settle the issue eventually, and Bisat's work is 
worthy of special mention in this context. The various attempts at cor- 
relating the North with East Anglia, however, are not more than working 
hy^theses (for'instan<te/'ttar^ 1937 f Bisat, 1940: .Movius, 1942); 
they have not as yet contributed telkble additions to the sequence of phases 
te East*'An^lia;‘'i-' - 
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Fig. 37, — ^The margin of the Newer Drift, according to Charlesworth (1929),. 
reproduced by permission of the Geological Society of London. Probably 
second phase of the Last Glaciation. , ^ . 
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Similari^^ the exceedingly important work don© by Sandford (1924, 
1925, 1929, 1932), Tomlinson (1929, 1935, 1940) and WiUs (1937) in the 
Midlands does not suggest the existence of a greater number of phases than 
that established in East Anglia. We can pass on, therefore, to Wales, 
where some important features of the later part of the sequence ha^^^e been 
elaborated. 

Wales. — ^The distribution of the Newer Drift of Wales was studied 
by Chariesworth (1929), and the reconstructed marginal line connected with 
that of eastern England and of Ireland (Fig* 37). George (1933, p. 208) 
agrees that the general course of this line is correct, although details are 
open to criticism. All authors agree that southwest Wales, between the 
peninsulas of St. Davids and Gower (both inclusive), was not reached by the 
Newer Drift. There is unclassified “ Older Drift in this area which descends 
to the raised beaches, but apart from it being older than the Newer Drift 
nothrng about its age can be deduced from its petrology, distribution on 
land, or surface-features. 

This so-called Older Drift, which covers a marine beach about 25 ft. 
above O.D., has been reported by various authors. Good sections were 
described by Leach (1911) from Forth Clais, near St. David’s, where genuine 
boulder-clay lies on the beach, and by George (1932, 1933) from Gower 
Peninsula, where the Drift consists of sand and gravel possessing the charac- 
ters of a ground moraine (George, 1933, p. 209). 

The lower age limit of this glacial phase is given by the underlying 
marine beach. The shells from the beach-deposits have a range so wide 
that they do not provide climatic data (Chatwin, in George, 1932, p. 317). 
The beach conglomerate, however, contains erratics which might well have 
been derived from the deposits of some older glaciation, so that the beach 
appears to be of interglacial age. Moreover, its height above the present 
sea-levei agrees with that of the lower beach of the Last Interglacial in 
south England and the remainder of Europe and the Mediterranean (see 
p. 239). The interglacial age of this beach has been accepted by Geikie 
(1881), Dewey (1913), Daly (1925) and Baden-Powell (1933) for various 
reasons. 

The defenders of a preglacial age, on the other hand, like Lamplugh 
(1913), Wr%ht (1914, 1937), suppose the erratics to have ^en transported 
by icebergs, and can, even so, do no more than show that the beach antedates 
the Older Drift ” which overlies it. It appears that the conception of a 
preglacial age for this beach Kero as in Ireland is largely due to the unproven 
assumptioiPi o^^the considerable age of the overlying Older Drift.” If we 
consider the beach as Last in agieement with other parts of the 

world (see p. 249), the southwest Wales turns out to be the 

equivalent of the Little Eastern Gliai^ion.qf East Anglia. It was, in fact, 
regarded as part of the Last Glaciation b^ ’Bull (1941). Considerations of 
this kind have led Movins (1942) Jo restrict for the purposes of his survey 
the term Older Drifts” altogether Ijo the equivalents of the Little Eastern 
Glaciation. Consideriog iKat Jhe tern is generally used to designate undated 
drift older than the Newer Erift, it appears advisable to continue using it 
in the old sense, notwithstanding the fact that it includes deposits both 
antedating and postdating the Last Interglacial. 

The Welsh evidence is significant, because it suggests that an Older 
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Drift glaciation occurmd after tlie Last Interglacial. . The parallel afforded 
by the Warthe Glaciation of north Germany' is striking, and the Little 
Eastern Glaciation'is substantiated by this evidence.' 

Ireland. — Passing still further to the west,, to the south coast of Ireland, 
we find Wright (1937, p. 117) describing the situation as follows : A 25 ft,- 
beach extends along the Irish coast, and from Carnsore Point to Cape 
Clear at intervals all along the coast are sections reproducing every essential 
detail of those of Gower,’’ Wright further emphasizes that in “ the south 
of Ireland we are completely within the glaciated region, the ice having 
passed right out to sea all along the south and west coast.” Eoulder-clay 
is actually found, for instance, on the beach at Courtmacsherry Bay, Co. 
Cork (Wright, 1937, fig. 44). Par-travelled erratics are found in the beach- 
conglomerate itself (Wright, 1937, p. 118) and, though this author explains 
them at some length as transported by floating ice, he admits (p. 119) that 
a preceding glaciation 'would perfectly weU explain the distribution of 
erratics which is essentially the same as that of the overlying drift.” 

This is precisely the same arrangement as at Gower. If, therefore, the 
assumption is correct that the 25 ft. beach of Gower, of Pembrokeshire and 
of southern Ireland is the same as that of north Devon, the south coast of 
England and many other places in Europe, i,e. the beach formed during a 
phase of high sea-level of the Last Interglacial, Ireland must have been 
completely glaciated during some phase of the Last Glaciation. 

A later and smaller phase of the Last Glaciation is indicated by the ter- 
miuai moraine traced by Charlesworth (1928, 1929 ; also Wright, 1937, fig. 
39), which runs from Co, Clare across the mouth of the Shannon eastwards, 
round the north of the Wicklow Mountains, then south along the Irish east 
coast. He picks it up again in South Wales, connects it with the York 
moraines and draws it south along the English east coast to the Wash, 
where it links up naturally with the Hunstanton Boulder-Clay deposits. 
This is the southern limit of the Newer Drift,” which we have reason to 
suspect of representing the second phase of the Last Glaciation m East 
Anglia. 

The above terminal moraine, however, does not, in Wright’s view, 
represent the last phase of the Last Glaciation. He bases his conclusion 
on the same criterion of the distribution of unsilted lakes, which has been 
applied with success in north Germany and Poland in order to separate 
the Pomeranian stage from the Weichsel stage ; for he finds (Wright, 1937, 
p. 97) that there are no open lakes anywhere near the margin of the Newer 
Drift ill, the British Isles. In Great Britain they are confined to hilly 
regions, such as the Highlands of Scotland, the western Southern Uplands, 
and the Lake District of Cumberland and Westmorland. In Ireland 
innumerable lakes cover the whole country to the northwest of a line from 
County Down to the mouth of the Shannon, but do not extend outward 
to the margin of the Newer Drift as traced by Charlesworth.” (See also 
Wright, 1939, pp. 28-31, fig. 19.) It appears, therefore, that the last stage 
of the Last Glaciation is restricted to the mountain regions just circum- 
scribed, and we thus return to Geikie’s old conception that the '' Scottish 
Re-advance ” is the equivalent of the Pomeranian Phase. * 

Summary of Morainic Chronolocy. — ^Thus the minimum succession 
of cold phases likely to have occurred in Britain comprises three phases 

8 ' \ . 
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of the Last Glaciation, one very large glaciation., an earlier equally large 
glaciation and two minor phases in Crag times. 

Tliis sequence resembles the north German one closely in the relative 
sizes of the glacial phases,- and in the tripartition of the Last Glaciation. 
It can be correlated with the German succession by a number of links, 
namely, (a) the two very large glaciations followed by three successively 
smaller glacial phases, (6) only phases 2 and 3 of the Last Glaciation showing 
fresh glacial topography, and only phase 3 enclosing large numbers of 
glacial lakes and other imfiUed depressions, (c) there being beneath the 
oldest moraine (Xorth Sea Drift or Elster) deposits with a fauna of the 
Antepenultimate Interglacial (Forest Bed and Tegelen). These coinci- 
dences render it probable, though not certain, that the following correlation 
is correct : 

Scottish Re-advance : Pomeranian. 

Newer Drift : Weiehsei. 

Little Eastern : Warthe. 

25 ft. -beach : Last Interglacial. 

Great Chalky Boulder-Clay : Saale. 

Weathering, denudation, high sea-level : Great Interglacial. 

North Sea Drift : Elster. 

Forest Bed : Tegelen (approximately), Antepenultimate Interglacial. 

Two phases in Crag : ? two phases of Giinz Glaciation in the Alps. 

♦ 

B. THE THAMES BASIN. 

The Thames and the Somme are both trunk-streams with estuaries. It 
is to be expected, therefore, that eustatic fluctuations of the sea-level are 
registered in the terraces of the lower Thames as they were found to be in 
the Somme on the other side of the English Channel. But while the Somme 
was part of the loess belt during the glacial phases, the Thames was con- 
siderably nearer to the ice-sheets and mostly included in the tundra and 
Sander zone. The ice actually reached the edge of the Thames valley at 
least onee. Solifluction deposits abound, and loessio deposits are rare. 

Aoe of the Boyn Hill Tebbace. — The best-known terrace of the 
Tham^ is the High Terrace, Boyn Hill or 100 ft. Terrace. It is preserved 
well enough for the reconstruction of the river^s gradient at the time when 
the aggradation of the gravels came to an end, and the longitudinal profile 
obtained provides the most important chronological link with the Continent. 
As its name impM^, the surface of the highest fiuviatile deposits of this 
terrace maintains a 'constant height of almost exactly 100 ft. above the 
present floodplain, from Taplow near Maidenhead to Swanscombe near 
Gravesend, a distance of about 50 miles. For the last 13 miles, from the 
mouth of the Lea to Swanscombe, the gradient has become less than 3 in. 
per mile. This is so little that the sea cannot have been far. 

The modem floodplain ii^ estuarine between the mouth of the Lea and 
Swanscombe ; its gradient is zero, and its surface outside the river walls 
lies at about 7 ft. O.D. The gradient of about 3 in. per mile is observed in 
the modem floodplain ' about 15 miles upsta^mm of the stretch where it 
occurs in the Boyn HiU Terrace, From this it may be* inferred that the 
horizontal section of the estuary was hardly more than 15 miles downstream 
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from SwaRscombe. Altboiigb tliis estimate is somewbat eoiijectiiralj being 
based on levels wbicli can vary ioeally within.' a few feet, the use of alternative 
values does not produce a radically different result. It is safe to conclude, 
therefore, that Swanscombe lay some 'miles upstream of the neck of the 
estuary in Boyn Hill .Terrace times.. 

The surface of the terrace may, though need not, have sloped another 3 ft. 
in these 15 miles, and even if so the highwater mark refera'ole to the surface 
of the Boyn Hill Terrace aggradation would have been near 107 ft. O.I)., 
or 32 m. This is the highwater level of the Tyrrlienian sea-level of the Great 
Interglacial, as established for the Coasts of the English Channel, the Mediter- 
ranean and other parts of the world (see Chapter IX, p. 249). 

The top of the fliiviatile aggradation of the Boyn Hill Terraco, therefore, 
is dated as contemporary with, the 32 m. sea-level of the Great InterglaciaL 
This chronological position is corroborated. in various ways. 

Sequence of High Sea-levels of the Thames Basin. — ^First, the two 
aggradation phases which succeeded the Boyn Hill Terrace, i.e. the Taplow 
and Upper Floodplain stages, attained to levels of about 60 ft. and 25 ft. and 
are, therefore, referable to the Main and Late Monastirian sea-levels of 
18 and 7.5, metres. This will be substantiated further on. Above the 
Boyn Hill Terrace level of 100 ft. a 200 ft, .platform was established and 
correlated with the Milazzian (60 m.) sea-level by Wooldridge (1928). Two 
still higher levels have been found by Wooldridge (19276), the 400 ft.- level 
of the Pebble Gravel, and the so-called Diestian level of 540 to possibly as 
much as 700 ft. (called the 600 ft, level ’■’). Judging merely by their 
altitude, these might correspond to the Sicilian and Calabrian levels of the 
Mediterranean, the former of which is found at the mouth of the Somme 
also, at a height of 103 m. The succession of the sea-levels will be dis- 
cussed in some detail in Chapter IX. It is, however, clear from the few 
figures given here that the phases of high sea-level recognizable in the 
Thames Basin agree with those found elsewhere, and that the entire sequence, 
namely Calabrian, Sicilian, Milazzian, Tyrrhenian, Main and Late Mona,s- 
tirian, can apparently be identified. For the three higher ones only aiti- 
metric evidence is available, whilst the three lower ones are confirmed 
palaeontologically, and geologically by their relation to glacial phases. 

Fauna Pboving Great Intbrglaoial Age of the Boyn Hill Teebace. 
— ^Th© Great Interglacial age of the Boyn Hill Terrace is further confirmed 
by its contained fossils. At Swanscoinbe, near Gravesend, Kent, the aggra- 
dation consists of a Lower Gravel and a Middle Gravel separated by a par- 
tially weathered loam. The faunas of these two gravels are given in Chapter 
X (pp. 263, 264). Both indicate an age later than the Antepenultimate Inter- 
glacial and earlier than the Last Interglacial. The fallow deer, for instance, 
appears as Dama clactonianus, whilst the Antepenultimate Interglacial 
contains D. savini the Last Interglacial a form of D. dama, the three 
constituting, as far as, one can see, a phylogenetic lineage. The Lower 
Gravel contains, as a survival from Antepenultimate Interglacial times, 
Trogontherium cuvieri, provided this ftnd us correctly i-eferred to, this bed.* 
From the Middle Gravel two teeth of an early form of EUphas primigenius 
have been reported (King and Oakley, 1936 ). Such early E, primigenius 

Not found in Swanscombe but at Ingress Vale (Stopes, 1904, p. 804). This was 
first pointed out by Oakley in the Swanscombe BetHsrt, p. d7. 
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or late E. trogontherii, characterize on the Continent the time around the 
Penultimate Glaciation. Their fauna being temperate, if not slightly 
warmer than to-day (see Mollusca, ■ p.. 270), both the Lower and Middle 
Gravels of Swansconibe;, therefore,- are likely to date from the Penultimate 
or Great Interglacial. 

Aechjeolooy of Boyk Hill' Terbace. — ^The Great Interglacial age 
of the aggradation of the Boyxi Hill Terrace is thus confirmed on two entire!}^ 
independent lines. The third line of approach, the archaeological one, has 
been deliberately omitted as a method of dating in the present context. 
It is worth mentioning, however, that the Clactonian II of the Lower Gravel, 
and the Middle Acheuiian of the Middle Gravel, agree with the date deter- 
mined on a geological and palaeontological basis. Hawdies, in co-operation 
with Oakley and Warren, considered the chronological aspect of the Swans- 
combe industries in great detail (Swanscombe Report, 1938). 

Eoyx Hill Terrace as Datum Line. — The Boyn Hill Terrace, more 
precisely the surface of the fluviatile aggradation of this terrace as observed 
in the Low'er Thames valley at Swanscombe (Barnfield Pit), at 110 ft. O.D., 
may for these reasons be taken as the datum line ” for the Pleistocene 
chronology of the Thames Basin. Ko doubt this terrace is eminently 
suitable for this purpose, since the Pleistocene deposits between Reading 
and the Estuary can readily be compared with the Boyn Hill level every- 
where. Wooldridge (1928, p. 3) has stressed this point before. 

All climatic events in the Thames Basin can thus be divided into those 
which occurred previous to the Tyrrhenian 32 m. sea-level and those which 
happened thereafter. 

Lower and Middle Pleistocene Succession Leading Up to the 
Tyrrhenian Sea-level.^ — ^The Pleistocene succession of the Thames Basin 
is exceedingly complex, and difficult to condense into a few paragraphs. 
It is advisable not to follow the logical course of tracing events from our 
datum line backwards into the past, but rather to describe them in their 
proper chronological order, beginning with the suspected Pliocene phases 
and descending to the Boyn Hill Terrace. 

The complexity of the Thames Pleistocene is not only chronological but 
also local. The Thames changed its course during the Pleistocene. It 
flowed originally through the Vale of St. Albans (Sherlock, 1924) north of 
London, and at a later date through gaps near Watford, past Harrow and 
Finchley (Fig. 38). These northern and intermediate courses meet at 
Ware, north-east of London, whence the river either went north through 
the Stevenage Gap into the Wash (Sherlock’s view, 1924, p. 26), or east 
through Esseist into the Blackwater (Wooldridge’s view, 1938, p. 658). The 
third route taken by the Thames is the present, southernmost, one. For- 
tunately the river occupied its present valley between Reading and the mouth 
of the Colne continuously while these changes were taking place, so that the 
succession of terraces and gravel trains can be substantiated there. The 
most important area is that between Bourne End near Maidenhead and the 
lower Colne. In the following paragraphs the local development will be 
neglected, except for certain crucial points, in order to work out more 
clearly the climatic sequence df events. Readers interested in the details 
willflnd them in a series of admirable papers published by Wooldridge (1927, 
1928, 1938). 
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A further complication which, has to be constantly kept in mind is that, 
as in the Somme (p. 97), so in. the Thames the upper part of the course 
was subject to the climatic rh^dihm of ..interglaciar erosion and coM-ciimatic 
aggradation, whilst the lower course was subject to the eiistatic rhythm of 
interglacial aggradation to a high sea-ieTel and erosion to a low sea-Ievei 
during the cold phases. The two regimes .overlap- in the area now covered 
by Greater London, which makes the ' distiiiction fairty simple in practice, 
» but it must be noted that the Junction, was sometimes higher xipstream, 
sometimes farther downstream. At present the junction (under natural 
conditions) lies a few miles upstream from Teddington ; during the Ante- 
penultimate Glaciation it shifted, though quite temporarily, downstream, 
presumably to beyond Gravesend. 

The 660 ft. and 400 ft. Levels. — ^The earliest recognizable phases are 
two platforms studied by Wooldridge (19276), at about 600 ft. and 400 ft. 

0. D. The former appears to have experienced slight warping after its 
formation, but the 400 ft. level is undisturbed. 

The 600 ft. level is that of the Lenliam Beds of Diestian age (i.e. Pliocene 
and older than the Coralline Crag) ; it is essentially marine. The 400 ft. 
level, that of the Pebble Gravel, is essentially fluviatile, as Wooldridge has 
shown by means of the horizontal distribution of the gravel constituents 
(19276, p. 116, fig. 13). These two platforms can be regarded tentatively 
as the equivalents of the Calabrian and the Sicilian phases of the Mediter- 
ranean, 

At the end of the Pebble Gravel phase, therefore, the rivers then occupy- 
ing the Thames area were graded to a sea-level of somewhat below 400 ft. 
Tributaries brought Lower Greensand chert across the line of the present 
Thames Valley, and the main drainage line, i,e. the ancestral' Thames, ran 
north-east along the pre-Vale of St. Albans. 

Stages Between the 400 ft. and 200 ft. Levels : Oldeb Drift. — 
The phase immediately following the formation of the 400 ft. platform is 
that of the Older Drift of Wooldridge (1938, p. 646), which is essentially 
the same as the Pebbly Clay and Sand, plus Clay wdth Flints, of Sherlock 
(1924). These deposits are regarded by all who have studied them as pro- 
ducts of a cold climate, either as a great sheet of soMuction deposits, or 
even as the moraine of a local glaciation of the Chiltern Hills (Barrow, 1918, 
1919) . The latter interpretation is less probable, because of the low elevation 
of the Chiltern (up to 800 ft.), but this point is an unimportant detail. 

In the area between Maidenhead and the Colne, the Older Drift is gene- 
rally confined to levels above 400 ft. In the triangle between Chalfont St. 
Giles, Amersham and Chenies it rests on a level bench of ahnost exactly 
400 ft. There is no evidence here of down-cutting having taken place 
following the Pebble Gravel phase and preceding the Older Drift. About 
one mile north and north-west of Beaconsfield Station, however, the Older 
Drift is shown on the One-inch Geological Map to descend to 350 and 330 ft. 
Whether this is due to later solifluction, or evidence for a down-cutting which 
preceded the formation of the Older Drift, cannot be ascertained. 

Bench of Higher Gravel Train. — ^It has to be assumed that during a 
cold phase as that of the Older Drift, the sea-level was lowered, and one is 
tempted to regard the down-cutting to the first bench below the 400 ft. level, 

1, e. that of the Higher Gravel Train, as the response to this low sea-level. 
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If this is so, the Older Drift and the cutting of this bench are contempo- 
raneous. This would explain the low position of the Older Drift north of 
Beaconsfield Station, and we need not admit more than one cold phase. 

AlternatiToly, if we regard the bench' as later than the Older Drift, ' we are 
compelled to assume two separate cold phases. The gradient of the bench 
of the Higher Gravel Train (6 ft. per mile) appears to be too steep for a sizable 
river in a mild climate. The bench drops from 320 ft. north of Beaconsheid 
to 290 ft. at Heronsgate near Bickmansworth. Such steep gradient suggests 
an ungraded river in a cold climate. 

Our aim being the establishment of the minimum number of climatic 
phases, only one cold phase is here assumed to comprise- both the Older 
Drift and the cutting of the bench of the Higher Gravel Train. 

Surface of Higher Gravel Train. — ^At the conclusion of this phase 
one finds that the bench was covered with a sheet of gravel which, according 
to Wooldridge, drops from over 350 ft. near Beaconsfield to 280 ft, near 
Bickmansworth, or about 7 ft. per mile. This gradient again is suggestive 
of an ungraded river, presumably of a cold climate. However that may 
be, the direction of the drainage was, by that time, no longer through the 
Vale of St. Albans, but through gaps south of Watford and eastwards 
through the Einchley depression to Ware. Wooldridge (1938) has, with 
much ingenuity, established this state of affairs. 

Lower Gravel Train. — ^The next recognizable phase is that of the 
Lower Gravel Train. Its gravels are separated from the Higher Gravel 
Itain by a rise ; their surface is at about 306 ft. south of Beaconsfield, 
and 290 ft. near the Colne valley (Wooldridge, 1938, p. 638). The bench is 
certainly lower than that of the Higher Gravel Train, but higher than that 
of the succeeding 200 ft. stage. According to Wooldridge, the Lower 
Gravel Train takes a course slightly different from that of the Higher Gravel 
Train west of the Colne valley. This appears to confirm its independent 
nature. 

It is difficult to say whether the cutting of the bench of the Lower 
Gravel Train indicates another phase of low sea-leveT and, therefore, a 
glacial phase. Had the river continued to follow its older course, this 
interpretation would have to be accepted. The southward shift of the 
Lower Gravel Train east of the Colne (the Harefield Gravels), however, 
suggests a shortening of the course of the river, compared with the Higher 
Gravel Train. This must have sent a knickpoint upstream, which might 
account for the bench of the Lower Gravel Train. 

The stages of river-development discussed so far suggest that at least 
one cold phase intervened, and possibly as many as three. 

The 200, ft. Platform.— Wooldridge (1927a, p. 257 ; 1928 ; Saner and 
Wooldridge, 1929) has brought forward a considerable amount of evidence 
for a platform at about 200 ft. O.D., which he correlated with the Miiazzian 
sea-level. Vast tracts of the eastern portion of the Thames Basin appear 
to have been denuded to about 200 ft., since the boulder-clay rests on a 
.platform of this height in most of western Essex (the Ambersham Terraco of 
Green, 1936 ; Bull, 1941). This suggests a phase of considerable duration. 
The grading of the' rivers tb this base-level must have attained great pro- 
portions, since benches of 200 ft. of slightly over are found as far west as 
the area of Gerrard^s Cross. The Mnchley Depression also can be referred to 
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this level, since its sub-drift surface ab Cliurch End, Eiachloy, is at 224 ft. 
0/D. (Wooldridge, 1938, p. 643), and tbie entire '' lip of the sub-drift 
surface along the south-western edge of the Finchley bonider-clay is near 
200 ft. O.D. 

If one attempts to continue this level np the Thames valley towards 
Maidenhead it becomes obvious that 210 ft. bench of the area round 
HoHybush Farm, two miles south-eash o£ Gerrard’s Cross, with its cap of 
gravel, merges into the gravel train whiGh Wooldridge called the Winter- 
Hill Terrace. 

The Winter-Hill Terrace, senm stricb , however, has a greater gradient 
and its surface is, near Iver and Hiilingdom, on either side of the Colne, not 
higher than 200 and 188 ft. respectively, with a bench considerably below 
these figures. It is apparent, therefore, that two levels merge as one goes 
upstream since, near the Colne valley, fchexe is one with the bench at 210 ft. 
or more and another with the aggradatiojn surface at 200 ft. or less. The 
former will henceforth be called the ""Finchley Leaf” and the latter the 
“ Kingston Leaf,” for reasons to be given below. 

In the Burnham Beeches area there is only one identifiable level at a 
suitable height, viz. bench at 220 ft, with, gravel up to 250 ft. 

It is probable, therefore, that the bench of the Winter-Hill Terrace from 
Burnham Beeches upstream, and conceivably some of its gravel, are of the 
age of the 200 ft. platform, when the Thames flowed through the Finchley 
depression into the Miiazzian Sea. 

The Kingston Leaf Bench. — The first recognizable event following the 
200 ft. platform and the Finchley Leaf is the cutting of the Kingston Leaf 
bench below Burnham Beeches, where it drops steeply from 220 ft. (Burnham 
Beeches) to less than 180 ft. at Hillingdon. Thence it can be continued 
into the bench of the Kingston and Richmond Hill gravels, 13 miles distant, 
at about 150 ft. O.D., or somewhat less. This bench cannot be carried 
through the Finchley Depression, the lip of which lies at 200 ft., and affords 
no gap or channel of lower height for the river to pass through. During 
the Kingston Leaf bench-stage, therefore, the river had abandoned the 
course past Finchley to Ware. Instead, it took the route followed by the 
modern Thames, through the gap between Hampstead Heath ai\d the North 
Downs. 

The gradient of the Kingston Leaf b^uch is remarkably steep, 3-5 ft, 
per mile. As it appears to diverge from the almost horizontal floor of the 
200 ft. level at Burnham Beeches, it is suggested that the point of divergence 
is a kiiiekpoint up to which retrogressive erosion had cut back from a low 
sea-level. The downstream continuation Ibeyond Richmond of the Kingston 
Leaf bench at a slightly decreased gradient (2 ft. per mile) takes us across 
a gap of 25 miles to the gravels of Dartford Heath. This connection was 
suggested by Hinton and Kerxnard (1905, p. 80). 

The distances involved are admittedly^ large and the connections corre- 
spondingly hypothetical. They appear naore trustworthy, however, if one 
considers that the three bench-fragments in. question, at Hillingdon, King- 
ston and Richmond Hill, and Dartford HCeath, with them covering gravels, 
are all unquestionably younger than the ^OO ft. platform and the Finchley 
Leaf and, as will be seen, older than the Boyn Hill Terrace. Their chrono- 
logical position, therefore, is hemmed in between two successive phases of 
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Mgh sea-level and in \dew of the fact that they present a gradient which one 
would expect in a valley cutting down to a low seadevel they can be regarded, 
at least, as almost contemporaneous. 

The argument of the preceding paragraph may, perhaps, be ehalleiiged 
by some with respect to Dartford Heath. As early as 1905 Hinton and 
Kennard regarded the Hartford Heath gravel as resting on a higher bench 
than that of the Swanscombe gravel, and H. B. Woodward (1909) follo'vved 
them. Chandler and Leach (1912), however, came to the conclusion that 
the levels did not support the separation, and they regarded the Swanscombe 
bench {then thought to be at 90 ft. O.D., gravels up to 115 ft. O.D.) as the 
equivalent of that at Dartford (from 90 or 100 ft. O.D. with gravels up to 
120 or 130 ft. O.D.). Dartford is about 5 miles upstream from Swans- 
combe. The difference appeared to be due to the natural gradient of the 
river. But Dines, King and Oakley (1938, in Swanscombe Report, pp. 
23-27) have since found that the duviatile deposits at Swanscombe extend 
from 75 to ilO ft. O.D. The gradients would thus be between 3 to 5 ft. 
per mile for the bench, and 2 to 4 ft. per mile for the surface. Such a surface 
gradient is, however, too high for the Boyn Hill Terrace, and the gradient 
of the bench also would be steeper than any other known in this part of the 
river. In view of the new figures, therefore, it is at least conceivable that 
both bench and gravel surface at Dartford Heath* represent a somewhat 
earlier stage than the fiuviatile part of the Swanscombe (Barnfield Pit) 
section. 

We thus return to Hinton and Kennard’s view of nearly 40 years ago, and 
are led to admit that, in the area of Swanscombe, Dartford, Grays, etc., 
there is a bench at approximately 90 to 100 ft., and another at 75 ft. O.D., 
the former conceivably being the continuation of the Kingston Leaf bench, 
the latter the true Boyn Hill bench. The gravels on the former would attain 
to 130 ft., those on the latter to 110 ft. O.D. Even if these differences be 
regarded as too small to be significant, the bench of the Kingston Leaf at 
Richmond, which is 30-40 ft. above the local Boyn Hill bench, makes the 
existence of an independent Kingston Leaf stage probable. 

Age of Kingston Leaf and Boyn Hill Benches Relative to the 
Thames Valley Glaciation. — ^Now both the Kingston Leaf and Boyn 
Hill benches are older than the ice which reached the Thames valley. 
Beginning with the lower, Boyn Hill, bench, this is overlain by true boulder- 
day at Hornchurch, opposite Dartford, at slightty under 80 ft. O.D., the 
boulder-clay in turn being covered by river gravel up to about 107 ft. O.D. 
The Boyn Hill bench in this part of the river, therefore, is older than the 
Thames Valley glaciation, but it appears to have been cut immediately 
prior to the arrival of the ice, since the boulder-clay lies directly on the 
bench. 

The Kingston Leaf bench, therefore, also must antedate this glaciation. 
This is borne out by the abundant evidence brought forward by Wooldridge 
(1927a) and Saner and Wooldridge (1929) for the cutting of valleys into the 
200 ft. platform prior to the arrival of the ice in Essex. It is thus possible 

^ It is possible that the gravels of Dartford Heath are composite, consisting of a 
gravel resting on a bench at about 100 ft., and a lower one which may be a genuine 
Boyn Hill deposit. The term “Hartford Heath gravels is here restricted to the higher 
deposit. 
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to add tlie important detail tliatvI-'M^O' phases' of ^downcnttiiig,, :i 2 i,terveiied 
between the 200 ft, platform and the arrlYal of the ice,-, corresponding to 
two low sea-levels and thus to two cold phases. The second of these appears^, 
to have been contemporaneous ivith the glaciation,, as shown by the 'Horn- 
church section. ■ ■ - ■ 

Kingston Leaf Gkavel. — The aggradation of gravel which nests ^on the 
‘‘"Winter HilF’ bench between'^ Burnham Beeches and" the Colne is .con- 
sidered by Saner and Wooldridge (1929, p. ,249)'' as connected , with that of 
Richmond and Kingston Hill, The gravel of the latter locality is stated to 
be of the “ Winter Hill type containing Bunter quartzite,” and these authors 
conclude that '' its constitution and elevation links it with the Winter Hill 
terrace.” Later on, Wooldridge (1938, p. 643) added evidence for the 
glacial outwash from the ice-lobes at Aldenbam and Finchley merging with 
these gravels. From this it may be inferred that a cold-climatic aggradation 
o\'erwhelmed the Kingston Leaf bench during the Thames Valley glaciation. 
This aggradation was up to 30 ft. thick at Richmond, Kingston and 
Wimbledon. 

Glaciation AND Displacement of the Thames. — Following Sherlock 
and Wooldridge, the view is now generally held that the advance of the ice 
caused the southward shift of the Thames. That these two events were 
nearly contemporaneous is apparent from the evidence. The displacement 
was, however, not so simple a process as one is inclined to visualize. When the 
ice arrived at Aldenbam and Finchley and began to shed meltwater down the 
present Colne and Brent, the Kingston Leaf bench along the present Thames 
valley had been cut, and the Thames was fiovdng along its present course. 
The displacement may have been caused by the plugging with ice 'of the 
old Thames valley, for instance, near Ware, so that some time was available 
for the cutting of the new (Kingston Leaf) bench through the London gap. 
The width of the Kingston Leaf bench at Kingston, Richmond and Wimble- 
don suggests that the new valley was not a narrow gorge, and one is inclined 
to allot more time to the formation of this bench than the ice is likely to 
have taken in order to advance from Ware to Finchley. The precise relation 
of the Thames valley glaciation to the displacement of the Thames, therefore, 
is worthy of further detailed investigation. 

The Boyn Hill Deposits. — From Boyn Hill times onwards our attention 
will be concentrated chiefly on the lower part of the Thames valley, down- 
stream from London, where the rhythm of eustatic down-cutting and aggra- 
dation agrees, with practically no time lag, with the phases of low and high 
sea-level and, therefore, of cold and temperate phases. In the upper reaches 
of the river, knickpoints initiated by a cold phase of low sea-level are found 
to be cutting back in the succeeding interglacial or even later, and the super- 
position of climatic aggradation makes conditions exceedingly complex. 
The object of the present discussion being the establishment of a succession 
of climatic events, the lower Thames is to be preferred, since the difficulty 
introduced higher up the valley by the time-lag of erosion can safely be 
disregarded here. 

It is to be assumed that, following the withdrawal of the ice from the 
scene, downcutting continued in the lower Thames until the sea-level had 
risen sufficiently for eustatic aggradation to begin. This means that, most 
probably, sufficient time was available for the removal of glacial deposits. 
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ic. 38. — The two drift belts of the London Basin, according to Wooldridge 
L P* 628). Horizontal lines : older drift belt including the glacial 
drift, largely covering the Thames course prior to the great southward dis- 
placement. Dots : Later drift belt, from Boyn Hill stage onwards. (The 
transitional phase of the Winter Hill gravels above the mouth of the Colne 
was included by Wooldridge in the Older Drift, but further downstream in 
the later drift.) 

B. Beaoonsfieid. 

Dd. Dartford. . 

Dm. Dagenham. 

F. Finchley. 

G. Grays. 

H. Henley. 

K. Kingston. 

L. London. 


Maidenhead. 

Beading. 

Biehmond. 

Swanscombe. 

Taplow. 

Watford. 

Ware. 

Wimbledon. 




Fie. 39. — ^The section of Barnfield Pit, Swanscombe, Kent. Prom Swans- 
«^^^Committee Beport (1938), by permission of the Koyal Anthropological 
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meltwater and climatic river gravels wMch may liave 'covered the Bo)?!! Hill 
bench, except in protected places, snch ;as Hornchiireh., ; In; places, 
therefore, the . aggradation found resting' on the bench testifies to a- full inter- 
glacial Tvith'a temperate climate. ■ This is -borne out by the section of Bam- 
field Pit, Swanscombe, whic'h has been studied for many years and recently 
received special attention following the- discovery ' of the skull of Homo cf. 
sapiens m these deposits (Marston, 1938 Hinton, Oakley , Dines, King, 
Kennard, Hawkes, Warren,' Cotton, Le Gros. 'Clark and Morant,. in Swans-: 
combe Committee Report, 1938).-:- ", 

The section (Fig. 39) comprises a Lower and a Middle Gravel separated 
by a partly weathered loam (Lower Loam) and with a capping of fioodloam, 
the Upper Loam. This concludes the fluviatile deposits. The so-called 
Upper Gravel is a soliiiuction deposit of later date (Biircheil, 19346) resting 
on an eroded surface of Upper Loam and Middle Gravel. The temperate 
climate of the entire fluviatile aggradationis attested b}" the mammalia and 
shells of the Lower Gravel (King and Oakley, 1936, p. 56), the shells of the 
Lower Loam (Kennard, see p. 270), and the mammalia (‘Swanscombe 
Rep./ p. 28) and the shells (Kennard, in ‘Swanscombe Rep.,’ p. 28) of the 
Middle Gravel (see also Chapter X, pp, 263, 269), 

Intebeuption of Swanscombe Agokadation. — ^The eustatic aggrada- 
tion of the Bo}m Hill deposits below London was not continuous. In the 
section of Barnfieid Pit a break is indicated by the weathering of the Lower 
Loam. The weathered nature of the upper part of the Lower Loam had 
been noticed by many observers but, apparently, never been confirmed 
chemically. For this reason a pH test was carried out, with these results : 


Gravel just above loam 


pH. 

7-4 

Loam band at base of gravel 


7-4 

,, 10 cm. down . . 


7*2 

20 „ „ , . 


7*2 

,, 30 „ „ . . 


7*4 

4:0 ,, ,, . . 


8-0 

„ 60 „ „ . 


8*3 

» BO ,, „ . . 


81 

„ 100 „ „ 

. 

8-0 


These figures support the contention that the loam was exposed to 
chemical weathermg for some time before the Middle Gravel was deposited 
on it, though the increase in alkalinity in the overl3dng Middle Gravel is 
slight.’ 

Clacton Channel. — K. P. Oakley (1937, p. 263) places in this hiatus 
the formation of a new, lower, bench, that of the Clacton ChaimeL It lies 
at ~ 15 ft, O.D. or lower at Clacton-on-Sea, where the gravel contains a 
typical faxma of the Swanscombe type (p. 263), ‘and is covered by estuarine 
deposits indicating the fresh rise of the sea-level which followed the phase 
of channel-cutting. Looking for a possible equivalent upstream, the deposits 
at Grays (Little) Thurrock, opposite Swanscombe, north of the Thames, 
have been considered as such, but they rest on a bench at about zero O.D. 
(Tylor, 1869), too low to grade into the Clacton deposit unless the latter 
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extends to a level miicli lower than -.that of -lo ft. O.B. at present known. 
(For fauna of Grays, see p. 263,)..;;. 

Ilfobd axd Stoke Newing-ton. — Purely altimetrically, the benches 
of the Ilford deposits, at aboht'30 ft..O.D. (Kmg and Oakley, 1936, p. 59), 
and of Stoke Newington, west -of. the mouth of the Lea (about 50 ft, O.D., 
estimated from figures given by. Smith, 1896), might belong to the required 
bench. But even at Clacton the bench can, with little difficulty, be inter- 
preted as the continuation of the Bainfield Pit level of 75 ft. O.I). At 
Ilford the fauna seems to indicate an age later than Grays and Clacton 
(mammals, Hinton, 1910, p; 493 ; mollusc^;, Kennard, 1916, p, 255), and at 
Stoke Newington the fine, grade of the deposits compared with the coarser 
grade downstream at Swanseombe raises difficulties. 

Thus, it is impossible to say with certainty that there was an oscillation 
with a low sea-level which intervened in the course of the aggradation up 
to the 100 ft. sea-leveL On the other hand, since Grays and Stoke Newington, 
quite apart from Clacton, are difficult to combine into a single bench, it is 
possible to hold the view that there were two such phases. This group of 
localities requhes careful study, since it affords a possibility of detecting minor 
oscillations which have so far been neglected by most authors. 

Granting that the existence of benches lower than the Boyn Hill bench, 
at Ilford and Stoke Newington, and at Grays, suggests low sea-levels previous 
to the attainment of the ICK) ft. sea-level, a view expounded chiefly by King 
and Oakley (1936), one or two oscillations may have followed the Thames 
Valley glaciation, before the sea-level had risen to its full interglacial height 
ofiOOft. O.D. * . 

Thus, we have arrived at our datum-line. 

High kSea-Level Phases later than the 100 ft. Sea-Level. — The 
climatic succession subsequent to the warm interglacial of the 100 ft. 
Tyrrhenian sea is subdivided by two further stages of high sea-level, at 60 
and 25 ft. respectively. These are the Main and Late Monastirian levels. 
Their identification in the Thames provides two further important datum- 
lines for this area. 

Taplow Terrace ahd 60 ft. Sea-Level. — The deposits of the Taplow 
stage constitute a group which follows the Boyn Hill stage. They are often 
comprised under the term 50 ft. Terrace.’’ Whilst the deposits are too 
complex to be discussed here, it is comparatively easy to derive altimetrically 
the height reached by the sea-level at the end of this stage, just before the 
next major downcutting began which transforned the Taplow deposits into 
a terrace. The Taplow aggradation is well preserved above London, whilst 
below London brickearths prevail instead. If one combines the numerous 
occurrences of Taplow gravels between Bourne End and Taplow near 
Maidenhead, and Ealing and Richmond, in a longitudinal profile, disregarding 
the subaerial brickearth which rests on the gravel in many places, one finds 
that the gravel surface has a gradient of about 2 ft. per mile as far as Feltham, 
dropping from* 106 ft. to 73 ft. O.D. A gradient of about 1 ft. per mile 
may be discerned between Feltham and Gunnersbury near Ealing, where 
the surface lies between 70 and 60 ft. O.D. But further downstream, in the 
area of Hyde Park and Kensiijgton Gardens, and at a few other places, 
gravel spreads occur at about the same level, suggesting that the surfece 
of the fluviatile deposits of the Taplow Terrace remains at about this height 
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of 60 to 70 ft. TMs indicates that 'the estuary of the river lay at this level, 
which would agree with the Main 'Monastirian sea-level observed elsewhere. 

Ekdsleigh Gardens Level. — ^It iS'not quite, certain whether the 
localities near Eustoii Station' (‘‘-Endsleigh Gardens,*’ ''etc.,: described ::by 
Hicks, 1892 ) belong to the Tapiow aggradation. . . The^ bench or , slightly 
inclined valley-side, on which they rest, is certainly older than the Ta'plow 
bench elsewhere, since it is as high as 60 ft.- O.I). (average). Immediately 
on the London Olay constituting the ‘"'■bench,” in depressions or small 
tributary valleys, a dark clayey loam occurred which yielded a j^oung 
“ manimoth ” and a flora. The latter was determined by Clement Reid ; 
it contains about 20 species. Hicks (1892), and Kong and Oakley (1936), 
probably influenced by the alleged cold character of the Tapiow Terrace 
and by the occurrence of the “ mammoth ” at Endsleigh Gardens, stress that 
this flora could have existed in a climate somewhat cooler than the present. 
But, although the plants in question might have been able to stand a climate 
with “ a. heavy winter snowfall ” (Edng and Oakley, 1936, p. 62), Mr. A. J. 
Wilmott kindly informs me that this statement has to be supplemented by 
the qualification that there is no evidence in the list that the climate was 
different from that of the present time.. Climatically, therefore, the Ends- 
leigh Gardens mammoth loam is somewhat nondescript. 

Whatever the climatic character of this deposit, the overlying gravels 
and sands need not have been laid down without a hiatus. Aitimetrically 
these gravels and loamy sands can very well he the transgressing uppermost 
strata of the Tapiow aggradation, since their surface lies between 62 and 
70 ft. O.D. The upper stratum of loamy sands is suggestive of estuarine 
conditions. With them (layer c of Hicks) the fluviatile series ceases ; it is 
covered by a solifluction deposit (Hicks’s 6). 

A number of other sections can with little difficulty he assigned to the 
Tapiow aggradation, but none appear to provide reliable figures for the 
maximum altitude reached by the river. Solifluction deposits and made-up 
ground hide the fluviatile surface in many places, whilst denudation has 
reduced its height in others. 

The evidence available at present thus appears to suggest that the 
fluviatile aggradation of the Tapiow stage mounted up to an estuarine level 
of between 60 and 70 ft. O.D., corresponding to the Main Monastirian 
sea-level of 18 m. Nothing reliable is known about the climatic character 
of this aggradation. 

Upper Floodplain Terrace and 25. et. Sea-Level. — Another phase 
of high sea-level is suggested by the upper level of the so-called Floodplain 
Terrace.* The aggradation surface, usually mapped on the official maps 
as Floodplain Gravel, is from Bourne End downstream to Wraysbury above 
Windsor parallel to the modern floodplain and about 6 ft. above the latter 
(gradient about 2| ft. per mile). About four miles downstream the surface 
of our terrace is about 8 to 10 ft. above the modern floodplain (Chertsey 
area), and further downstream the diflferenee increases rapidly, attaining 
17 to 20 ft. at Bushy - Park near Hampton. This divergence is almost 
entirely duo to the increased gradient of the modern floodplain, especially 
between Chertsey and Teddington. But below Teddington the modern 

* This imfortmiate term is retained ; a capital letter denotes the Floodplain 
Terrace of Pleistocene age, a small letter the modem floodplain. 
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floodplain is praetiealiy horizontal, conforming to average liigiiwater. This 
indicates that the tip of the modem estuary is reached. 

It is very interesting to note that the aggradation surface of the Flood- 
plain Terrace continues to drop as far as Bushy Park, where a wide expanse 
of gravel with numerous superficial exposures presents a seemingly homo- 
geneous surface from 39 ft. O.D.. at the valley side to 35 ft. O.D. near the river. 

Two miles further downstream, however, at Twickenham and Ham, 
two aggradation surfaces are discernible, both apparently belonging to the 
Floodplain Terrace aggradation. They lie at 35 ft. O.D. at Twickenham, 
and at 26 to 2S ft. O.D. on the Ham side of the river. The difference between 
the two levels is slight, but it increases to 10 to 12 ft. at Kew and Barnes, 
and data from Fulham, Chelsea and Westminster suggest that the difference 
remains the same or even increases slightly further downstream. 

This divergence of the Upper and Lower Floodplain Terrace levels is 
due to a falling away of the Lower level, since the Upper one appears to 
maintain a constant height of a little over 30 ft. from Twickenham down- 
stream. This is rendered probable by sections like the following : 

At Twickenham sewer sections were described by Leeson and Laffan 
(1894) ’which show that the surface of the fluviatile aggradation, over a 
cross-section of the terrace of about half a mile, lies at 35 ft. O.D. ± 1 ft. 

Four miles downstream, at Brentford, near the crossing of the Brent- 
ford-Eaiing Road with the Great West Road, recent excavations showed 
fossiliferous deposits with a surface at 32 J ft. O.D., resting on London Clay 
at 12 ft. O.D. Except for the basal layer, which was coarse, this aggradation 
consisted of sandy gravel and gravelly sands capped by stratified brown and 
grejnsh sands which could well be estuarine. Its fauna {p. 266) consists 
of temperate elements, including Ehphas antiquus and Hippopotamus. 

The City of London fiat, between the mouths of the Fleet and the Lea, 
ffom St, Paul’s to Stepney and Victoria Park, belongs altimetriealiy to the 
Upper Floodplain aggradation. On the 6-inch map of the Geological 
Survey it is distinguished as Higher Floodplain Gravel. Numerous borings 
show that the fluviatile deposits attain 30 to 40 ft. O.D. 

An aggradation surface of a similar height is suggested hj numerous 
borings between West Ham, Wanstead and Ilford, the gravel surface 
ranging from 34 to 40 ft. O.D. in nine borings. 

Between the Beam and Ingrebourne valleys (Dagenham and Rainham 
areas) the surface of the gravel lies between 28 and 38 ft. O.D. 

At Shoeburyness, at the mouth of the present Thames estuary, a vast 
gravel sheet has a surface between 25 and 35 ft. O.D. 

On the south side, opposite Shoebur 3 niess, the river Medway affords 
further evidence. The gravel cap of the Isle of Grain at the mouth of the 
Medway appears to represent a level of about 30 ft. O.D. Several miles 
up the Medway, at Frindsbury, near Rochester, a terrace with sands and 
stratified gravel up to 25 ft. O.D. was described by Cook and Killick (1924). 
It contains at Aylesford, a few miles further upstream, a fauna with Elephas 
antiquus (Cook, 1923). 

This evidence is strongly suggestive of a sea-level 'with a highwater 
mark of somewhat over 30 ft. O.D. , which can only be the well-known Late 
Monastirian 7-5 m, sea-level. The fauna of this aggradation both at 
Brentford and in the Medway valley indicates a mild, temperate climate. 
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The Lower Floodpaiii Terrace/ and its. pertaining sea-level will he dis- 
cussed later on (p. 133). For the moment it is important that foilowmig the 
Tyrrhenian 100. ft. sea-level, two .' sea-levels . at about. 60 and 25 ft. can be 
recognized in the Thames as elsewhere, f.e.-, the /Main and Late Monastirian 
levels. Of these, at least the lower corresponds to a temperate climate. 

Climatic Events Following the Tybrhenian but Antboating One 
OB Both Monastirian Levels.— ^The- 60- and 25- ft. sea-levels supply two. 
useful datum-lines in the history of the Thames valley following the 100 ft. 
sea-level. There is good evidence for at least one cold phase which occurred 
between the 100 and 25 ft, sea-levels, and possibly for several. It has been 
provided chiefly by J. P. T. Burcheii (1933, 1934a, 1935a, 19355, 1936a, 
19365), from the Ebbsfleet valley immediately east of Swanscombe. 

The Taplow Bench. — In this area a phase of downcutting followed the 
aggradation to the 100 ft. sea-level. It cut through the deposits and into 
the solid Chalk at Swanscombe, eventually forming the bench on which 
the Tapiow' deposits rest at Crayford, Swanscombe, etc. This bench is at 
about zero O.D. and falls below O.D. further down the river (Bromehead, 
in ‘Dartford Memoir,’ 1924, p. 98). It represents a phase of low sea-level, 
presumably with a cold climate. 

It has been suggested that this downcutting took place in two stages, 
the higher bench lying at about 30 ft. O.D. at Swanscombe (Dewey, 1932, p. 
52 ; Burcheii, 1933, p. 68 ; King and Oakley’s ^ Pre-Coombe Bock Erosion 
Stages,’ 1936, p. 60). Though an interruption of the process of downcutting 
is possible, the evidence put forward is inconclusive, since benches at the 
intermediate heights are supposed to have been cut during oscillations of 
the Great Interglacial (see p, 124), and it will be very difficult to recognize 
as such a later bench formed at the same level as some earlier bench. 

The Main Coombe Rock. — However this may be, the downeutting can 
be associated with a phase of cold climate with intense solifluction which 
brought masses of disintegrated Chalk and Tertiary {Coombe Mock) down to 
about 10 ft. O.D. or even lower (Ebbsfleet valley from Baker’s Hole dmm “ to 
the marshes by Northfleet,” Dewey, 1932, p. 49). Gravels filling channels 
^in the Coombe Bock of the Ebbsfleet valley contained a cold fauna with 
many remains of the mammoth. 

Following the deposition of the Main Coombe Bock, a considerable 
thickness of true loess was deposited (Fig. 41 ; subaerial loams, 4, 5 and 7 of 
Burcheii, 1935a), with an intercalation of a solifluction horizon. Whether 
the cold climate evidenced in this manner is merely the continuation of the 
Main Coombe Bock phase, or an independent phase, is not quite certain, 
though the evidence of erosion between the two deposits suggests that they 
represent different phases (Burcheii, 1935a, p. 90). If this subdivision which 
has been accepted by many workers (Bong and Oakley, 1936 ; Eeuner, 1936) 
can be verified, it will be of the greatest chronological significance. 

Fluviatile deposits cap the Main Coombe Bock deposits at Baker’s Hole,. 
Ebbsfleet Valley (Dewey, 1932), as well as the loess in Bnrchell’s section 
(Burcheii, 19355, p. 330). TWe afford a tentative correlation with the 
60 and 25 ft* sea-levels. 

Bixbohell’s Section oe the Eb-bsilbet Valley.'— T he -section due to 
excavations by Burcheii (Fig. 40; Burcheii, 1933, 1935a, 5; 1936a, 5; 
Boswell, 1940, p. 257, fig, 1) is the more complete. It rests partly on Chalk 







Fig. 40. — Section of the deposits of the Ebbsfleet Valley, near Swanscombe, 
Kent, at the site of Mr. J. P. T. Burcheirs excavation. Based on publications 
and a manuscript profile by Mr. Biircheil, with permission. 

Beds. — (ck) Main Coombe Bock on Chalk, separated by erosional uncon- 
formity from (MOB) coarse gravel. (3) Fluviatiie gravel ; in another section 
Lowermost Loam (loess) intercalated between (mob) and (3). (4) Lower 

Loam (loess). (5) Lower Middle Loam (loess). (6) Solifliiction. (7) Upper 
Middle Loam (loess), weathered on top. (8) Temperate Shell Bed. (9) 
Solifiuction. (10) Uppermost Loam (ioessic). (11) Solifluction. Compare 
Fig. 41. ’■ 

by the nmisually reddish hue, may have been formed in a climate somewhat 
warmer than the present. It is strongly reminiscent of the argile rouge ’’ 
of northern France. This buried land-surface represents an interglacial. 
It is covered by a grey silt bed, BurchelFs Upper Loam, which contains a 
temperate shell fauna, determined by IVIr. A. S. Kennard (Burchell, 19356, 
p. 330). The drowning of a land-surface of considerable duration by this 
water-lain deposit is most readily interpreted by a rise of the sea-level to 
approximately the height of this land-surface, which is, according to figures 
kindly supplied by Mr. J. P. T/ Burchell, 39 ft. O.D. at the locality of his 
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(at about 20 ft. O.B.), partly on the Main Coombe Rook, and the containing 
cliff '' is cut through meltwater-gravel, Coombe Rock . . .. and Chalk ” 

(Burclieli, 1935a, p. 90). This, in the opinion of Burchell, indicates a phase 
of erosion and separates the loams of the section from the Main Coombe 
Rock. We would, therefore, here be confronted with two cold phases 
following the 100-ft. sea-level and antedating either the 60 or 25 ft. sea-level, 
or both. Whilst the first of these cold phases would have been chiefly one 
of intense solifluction, the second would have been drier on the whole, loess 
being deposited. The loess series comprises, on the evidence of mechanical 
analysis, BurchelFs Lowermost, Lower and Mddle Loams (Fig. 41). 

Mechanical analysis, pH-value, texture and reddish colour show that 
the top of the Upper IVUddle Loam bears a weathering surface which, judging 





Fig. 41, — ^Mechanical analyses of the “ loams ” of Bnrchell’s excavations, Ebbs- 
fleet Vhlley. See Fig. 40. Showing loessic nature, and the weathering of the 
Upper Middle Loam. For signs used, see Fig. 26. 

found his part of the valley cut. The Coombe Rock and some channels 
filled with a cold gravel are covered by a flnviatile series of gravels, sands 
and brickearth which suggests a gradually ceasing aggradation. Disre- 
garding possible slight denudation, the aggradation would have reached up 
to 52 ft. O.D., or thereabouts. This figure reminds one of the 60 ft. sea-level 
of the Thames estuary. 

Both MoHASTmAH Sba-lejvels betbesehteb m ■ Tim Ebbsmbt 
Yalley. — ^If this aggradation actually represents the Main Monastirian 
level or, expressed in local terms, the top of the fluviatile Taplow Terrace, 
the second cold (loess) phase is not represented at Baker's Hole. 
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excavation. It thus appears to , be connected with the Late Monastirian 
sea-ievel. . .. 

The temperate shell-bed is covered by solifluetion deposits of a subsequent 
cold phase. 

Baker’s Hole. — The section at Baker’s Hole . (Smith, 1911 ; Dewey, 
1932) shows a coombe rock, considered as the main Coombe Rock, resting 
on Chalk at 40 ft. O.D. (Dewey, 1932), i.e, about 20' ft.^ higher ^ than in 
BurchelFs section. This is the .Main Coombe Rock through which Burcliell 
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: ^I-terglaeial. 

{j) Soiifluction deposits . . * . , Glacial. 

Since this succession is based on not more than two sections, farther 
substantiation is required. As it stands, it suggests that two cold phases 
were followed by the two high sea-levels of 60 and 25 ft., and that at least 
one further cold phase followed the interglacial evidenced by the 25 ft. sea- 
level. 

Phases of the Last Glaoiatioh, — ^There is abundant proof that the 
temperate period of the 60 and 26 ft, sea-levels was followed by a period 
of one or several cold phases, the last in the sequence of cold periods of the 
Pleistocene. It is, therefore, generally regarded as the representative of 
the Last Glaciation, 

In the area of Ebbsfleet and Swanseombe, Burcheil (1936a) showed that 
a trail, with coombe rock in places, covered the Ebbsfleet Channel series 
and plunged into the valley of the Thames, from + 50 ft. O.D. to — 5 ft. 
O.D. It proves that a period of frost climate, with a sea-level lower than 
the present, followed the 26 ft. sea-level. In the same paper, Burcheil 
described how this soiifluction deposit is divided into two horizons by a 
bed of sandy, stratified brickearth. He came to the conclusion that two 
cold phases have contributed to this trail. - 

TSie Sunk Channels. — ^The suggestion that the Last Glaciation left 
traces of more than one cold phase in the Thames Basin can be substantiated 
by further evidence. The most important is supplied by the sunk channels, 
which are later than the Upper Floodplain Terrace. , 

There are at least two sunk channels, aAd possibly three. The latest 
of these is readily recognized by its filling, which consists of Postglacial 
alluvium (Pre-Alluvium Erosiion Stage and Tilbury Filling Stage of King 
and Oakley, 1936, p. 69). 

There is an earlier sunk channel at the bottom of which, in the Lea 
Valley, the subarctic peats of Ponders End, Angel Road and Temple Mills 
are found (Warren, 1912, 1914, 1916). 

That the cold peats of Ponders End are at the base of the filling of a 
channel is borne out by Warren's sections (1912, p. 214 ; 1916, p. 170). 
The bench of this deposit lies at — 5 ft. O.B, at Temple Mills, about three 
miles from the mouth of the Lea into the Thames. It therefore belongs to 
a sunk-channel phase of the Thames. 
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The unfossiliferoxis aggradation of gravels which covers the Ponders 
End peat-raft beds has disappeared below the floodplain at Temple 
Mills( Warren, 1916, p. 170; surface 15 ft. O.Dv,; alluvium 5 ft. ; gravel 
15 ft.). 

One might be inclined to identify this Ponders End-Temple Mills stage 
with the cutting of the sunk chamiei of the Tilbury stage. But at Hackney 
Wick, only half a mile downstream from Temple Mills (Warren, 1916, p. 172), 
a chamiei was found filled withigravel and with peat ‘‘ resembling an ordinar^^ 
Holocene peat.'^ These deposits have a surface-level of + 16 ft. 0,D. and 
reach down to — 5 ft. O.D. They are regarded by Warren as more Recent 
than the Ponders End stage. This indicates that a separate, later, channel 
exists here, so that two sunk channels are suggested up to this point. 

Hedge Lane. — There is evidence, however, of a third, and earliest, 
sunk channel provided by Warren’s cross-section of the Lea Valley at Hedge 
Lane, Edmonton (1916, 'pp. 170, 171). This author found that, apart from 
the eastern channel of the Lea (which contains the Ponders End, Angel 
Road and Temple Mills sections and also the present Lea) there is a western 
one containing peat beds in situ at Hedge Lane, These deposits rest on a 
bench at 20 ft. O.D. or lower (Warren, 1916, p. 168, footnote 2), and reach 
up to at least 52 ft. O.D., whilst in the corresponding part of the eastern 
channel, at Angel Road, the bench is at about 20 ft. O.D. and the gravel 
surface at about 34 ft. O.D. 

The two localities are nearly two miles apart and separated by a ridge 
rising to 49 ft, O.D. (Warren, *1916, p. 167). Tills alone suggests that the 
two channels are independent formations and not two contemporary 
branches of the Lea. The latter alternative is rendered highly improbable 
by the difference in height of the aggradation surfaces. When the aggra- 
dation of Hedge Lane had reached 52 ft. O.D., the river could have played 
freely across the separating ridge into the eastern, channel — if this was in 
existence already. Thus one finds that, if the two channels were contem- 
porary, the aggradation would reach the same height of, 52 ft. or over in 
both ; but since the Hedge Lane channel has in fact the higher aggradation, 
it must be the older. 

The flora of the Hedge Lane peats has generally been regarded as 
identical with that of the Ponders End stage. But King and Oakley 
(1936, p. 62) found that '' there is no definite evidence that the flora of the 
Hedge Land deposits is the same.'’ Mr. A. j. Wilmott, whom I consulted 
about this flora, considers that there is no evidence in Reid’s list (1916, 
p. 156) that the climate was different from that of the present time. The 
only possibly cool species is Salix lapponum L, That the Hedge Lane 
flora is different from the subarctic Ponders End type is apparent. ; 

Thus there appear to be three sunk-channel phases in all, the Hedge Lane 
stage representing the oldest (with its filling), the Ponders End stage the 
second, and the Tilbury (Hackney Wick) stage the third, which definitely 
connects with the Present by the nature of its filling. Three low sea-levels 
are indicated in this manner, and three phases of the Last Glaciation. 

Relation of the Sunk Channels to the Phases of High S^a-lbvel. 
— ^The three aggradation surfaces of the channel-fillings are (c) the present 
surface of the alluvium, (6) the surface of the gravels of the Ponders End 
stage, and (a) the surface of the Hedge Lane aggradation. Since (6) never 
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rises appreciably above (c) and disappears below (c) at Temple Mills, the 
sea-level of the aggradation of (6) appears to have remained below the present 
Therefore, the prevailing ' view which' correlates^ these deposits with 
the Upper Floodplain Terrace {i,e, the 25 ft. sea-level) has to be abandoned. 
The Hedge Lane aggradation (a), however, forms a terrace. It has been 
referred to the Upper Floodplain Terrace by Warren (1916, p. 169), and to 
the Tapiow Terrace by King and Oakley (1936, p. 62). 

Considering the gradient of the surface from. Edmonton to the mouth of 
the Lea, the Hedge Lane aggradation can be connected either with the 
Upper or the Lower Floodplain Terrace, but it is difficult to link it with the 
Tapiow level of the Thames (60 to 70 ft. O.D.), But although this is true 
as regards the surface, we saw on p. 131 that the bench of the Hedge Lane 
deposits is no higher than the bench at Angel Eoad, and that both constitute 
sunk channels below the floodplain of the present Lea. It seems difficult 
therefore to regard the filling of either of these channels as earlier in date 
than the filling of the sunk channels of the Thames. This, to my mind, 
disposes of the correlation of the Hedge Lane aggradation with the Upper 
Floodplain Terrace, the only possible remaining correlation being with the 
Lower Floodplain Terrace. 

Lower Floodtlain Terrace. — It has been said previously (p. 126) 
that the Lower Floodplain Terrace diverges from the Upper below Bushy 
Park, and that its surface is slightly over 20 ft. O.B. at Barnes. This 
surface is met again further downstream in many places. Though it is 
difficult to state its height accurately, it is always a few feet below the 
Upper Floodplain Terrace and a few feet above the modern floodplain. 
Good evidence for this level has been brought forward by Cook and KOlick 
(1924, pp, 150-154) from Hailing in the Medway VaUey, where a PalsBolithic 
site with a skeleton of Homo mpiem^ and with E. primigenius^ T. anti- 
quitatis, Equus, Megaceros and Bos primigenius was discovered. It rested 
on a fiuviatile, apparently estuarine aggradation with a surface of 15 ft. 
O.B. The fossils plainly assign this aggradation to the Pleistocene, and the 
average sea-level would have been at a very few feet above the present 
O.B. King and Oakley (1936, p. 68) remark that numerous eyots ” of 
gravel which protrude through the modern alluvium may belong to the 
Lower Floodplain Terrace. 

The climate of the Lower Floodplain Terrace aggradation was not 
temperate, but of a mixed, cold-temperate type, if one can trust the mam- 
malian remains at Hailing and elsewhere. 

The age of the Lower Floodplain Terrace relative to tbe sunk channels is 
suggested by the conditions in the Lea Valley. Since the Hedge Lane 
aggradation appears to run into the Lower Floodplain Terrace, the latter 
was aggraded after the first sunk channel and before the second sunk channel. 
Thus it would represent the interstadial high sea-Mvei intervening between 
the first and second phases of the Last Glaciation. 

The high sea-level of the second interstadial, between the second and third 
phases of the Last Glaciation, would on the evidence of the Ponders End ‘ 
aggradation never have reached the present O.D. This explains why, in 
the Lower Thames, only two sunk channels, e.e. the first, and the second + 
third, can be recognized, and why the evidence for not more than one inter- 
stadial high level is available there. 
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Late Pleistocehe oe the Thames : ■ Summaby.— The table on p. 134 
summarizes the sequence of events which can be discerned in the area of 
the Lower Thames from Upper Floodplain Terrace times onwards. 

Piisr Hole Gave, Debbyshibe. — ^The evidence afforded by the Thames 
for the tripartition of the Last Glaciation does not stand alone in the British 
Isles. A. L, Armstrong (1931) found three cold phases, considered by him 
as belonging to the Last Glaciation, in the section of the Pin Hole Cave, at 
Creswell, Derbyshire. Geologically, the first two cold phases are indicated 
by layers of rock debris (interpreted as the result of frost weathering), and 
the third by cave-earth immediately beneath a horizon of stalagmite. 
Paleontologically, the three cold phases are characterized by reindeer 
faunas. Details of the faunal succession are given in Chapter X, p. 268. 

Climatic Phases oe the Beitish Pleistocehe : Shmmaby. — ^Thiis the 
Thames Basin provides us with a very complex succession of climatic phases 
(Fig. 42). The Last Glaciation appears to fall into three distinct phases. 
The Last Interglacial shows two high sea-levels, the earlier of which was the 
higher. The Penultimate Glaciation is apparently divided into two phases, 
but the evidence for this so far comes from the Ebbsfleet area only. The 
Pentiltimate Interglacial may have to be divided into several phases, but 
unlike the Last Interglacial, the highest sea-level occurred late. The Ante- 
penultimate Glaciation comprises two phases, the second of which reached 
the Thames valley (Hornchurch, etc.). Previous to this glaciation, the 
200 ft. level indicates the Antepenultimate Interglacial. There is evidence 
for one or several cold phases preceding this interglacial. 

The correlation of this part of the periglacial area of south England with 
the morainic succession of East Anglia, Wales and Ireland can best be 
effected by equating the three morainic phases of the Last Glaciation with 
the three sunk-channel phases found in the Thames, and by equating the 
200 ft. level of the Antepenultimate Interglacial of the Thames Basin with 
the Cromer Forest Bed. That the last two belong to the same interglacial 
(though not to the same phase within this interglacial*), cannot be proved 
in Britain, but it is shown in the Somme, where the Forest Bed fauna occurs 
in the aggradation of the Miiazzian sea-level (p. 90). 

This correlation suggests that it was the earlier of the two great East 
Anglian glaciations (North Sea Drift Glaciation) that reached the Thames 
valley. 

The general succession of the British Pleistocene is essentially similar 
to those of the morainic and periglacial areas of the Continent, although a 
priori a close agreement was not to be expected in view of the more oceanic 
climate of Britain. 

The fact that the successions established throughout temperate Europe, 
from Russia to Britain, conform to the scheme of three phases of the Last 
Glaciation and two each of the earlier ones, can only have one meaning : 
that a major cause acting over the entire area determined the finctuations 
of the climate during the Pleistocene* 

* The low elevation of the Cromer Forest Bed is no obstacle to this correlation. 
Though deposited during an interglacial during which the sea-level was at one time as 
high as 200 ft. O.D., the Forest Bed may well date from a phase when the sea was not 
at its highest. Alternatively, tectonic changes of altitude have been suggested (Wool- 
dridge’s Braintree Line, 1928, p. 24). 


CHAPTER V 

THE ASTE05T0MICAL THEORY AS THE BASIS OF AH 
ABSOLUTE CHRONOLOGY OF THE PLEISTOCENE 

A. THE INEQUALITIES OF THE EARTH’S ORBIT. 

Among the various factors which might have produced the curious 
fluctuations of the Pleistocene climate, those which cause the amount of 
solar radiation to change periodically have received much attention in 
recent years. 

The ad hoc assumption that the radiation output of the sun changed 
periodically so as to produce (directly or indirectly) the glacial and inter- 
glacial phases cannot be proved and, therefore, cannot be regarded as 
satisfactory. If other, known and observable, factors can be found which 
explain in a simple way the fluctuations revealed by geological evidence, 
they are to be preferred to ad hoc assumptions of any description. Such 
factors indeed exist in the changeable elements of the earth's orbit. They 
are called the imqualities^ or perturbations^ and have periodicities of rnany 
thousands of years. 

The perturbations influence the distance and position of the earth 
relative to the sun, and consequently produce fluctuations in the amount of 
solar radiation received by any particular locality, or zone of latitude, of 
the earth. It must be understood, however, that "the quantities of radiation 
received, as calculated by the astronomers, apply only to the upper limit 
of the atmosphere, and not to the sea-level or the solid surface of the earth.* 
So far as the climate depends on the radiation received at the upper limit 
of the atmosphere, it is called the solar climate, but the actual climate as 
observed by meteorological methods depends on other factors as well. The 
translation of the solar climate into ordinary terrestrial climate is a formidable 
task and to some extent as yet unsolved. But if it is found that the 
periodical fluctuations of the solar climate resemble to a high degree the 
fluctuations of the terrestrial climate revealed by geology, it is reasonable 
to assume a causal connection between the two. 

The importance of these considerations lies in the possibility of obtain- 
ing from the perturbations an absolute time-scale for the Pleistocene. It 
is necessary, therefore, to consider the perturbations of the orbit and their 
influence on the climate in some detail. 

Origin or Seasons and Climatic Zones. — ^In order to understand the 
influence of the perturbations on the climate, it is advisable to recall the 
origin of the seasons and of the climatic zones by means of a few simple 
diagrams (Figs. 43-45). The earth revolves around the sun in an ellipse 

* The present average value is 1*95 gramme calories per square centimetre per minute 
at the upper limit of the atmosphere. It is called the solar constant. 
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wMch is almost a circle, the sun being situated, not in the centre, but in one 
of th© foci of the ellipse, 

■ The Yeae. — ^T he period of revolution is the year, and its length has not 
varied for Many millions of years. This was established by Korn’s investi- 
gations of varved sediments of Lower Carboniferous and Devonian age 
(1938).'^<In these the same rhythms and cycles are observed as in Pleisto- 
cene varved clays. The sunspot and other cycles of a duration of a few 
decades were of exactly the same length relative to the period of revolution 
of the earth in the Paiasozoio as they are to-day. Since the sunspot cycle 
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Figs. 43-45. — Diagrams illustrating th© influence of the obliquity of the ecliptic. 
Cross-section of the orbit with the earth in midsummer and midwinter, 
respectively. , 

Fig. 43. — Obliquity (?) == 23|° (present value). 

Fig. 44. — Imaginary obliquity, s = 0°. Ko seasons, but sharply marked 
geographical zones. 

Fig, 45. — Imaginary obliquity, c = 54°v Seasons very marked, but geo- 
graphical zonation reduced to minimum, 

in particular is caused by periodic changes in the atmosphere of the sun, 
whilst the length of the year depends on th© earth’s orbit, it is extremely 
unlikely that these two causally independent elements were both different 
from the present-day values in the Palsepzoic and yet maintained exactly 
th© same proportion- The same applies to cycles other than that of the 
sunspots. The conclusion is inevitable, therefore, that the year had exactly 
the same length 300 or 400 million years ago. For this reason, the period 
of revolution of the earth can be considered as unalterable for our purposes, 
as we shall consider only th© on© million years immediately preceding the 
present. 
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OBMQtnTY OE THE EciiiPTie, — 43 sliows tkat the equatorial plane 
of the earth forms an angle of about 23|° with the plane of the orbit. This 
angle, which is the same as that between a. line vertical to the plane of the 
or& and the axis of the earth, m ^ called, the ■ .obliquify : of the ecliptic (g). 
It is the cause of the seasons,, as well as one . of the factors modifying the 
climatic aones. 

Fig. 44 shows the imaginary position of the earth if no obliquity of the 
ecliptic existed (e = 0°). The axis of the earth, around which it revolves 
once in 24 hours, would be vertical to the plane of the orbit, and it is easy 
to see that in this case, no matter which time of the year is considered, the 
equator would always receive a maximum of solar radiation, and the poles 
(theoretically)* none. In other words, the climatic zones would be very 
sharply marked, but no seasons would exist, the conditions being the same 
all the year roxmd. From this we conclude that a decreme of the obliquity 
of the ecliptic (compared with the present value) would diminish tJie seasonal 
differemes hut increme the distinction of climatic zones. 

On the other hand, if a period of decreasing obliquity of the ecliptic was 
followed by a period of increasing obliquity^ , the seasonal differences would be 
intensified and the differences between the climatic zones would once more 
decrease. 

If the obliquity reached as much as 54° (Fig, 45), the annual total of 
radiation would be the same for the equator and for each pole, and the 
geographical zones would disappear (Milankowitch, 1930, p. 41). At the 
same time, the seasons would he very marked. 

It is not known whether at any remote time of the earth’s history the 
obliquity of the ecliptic ever reached extreme values. During those times 
which are of special interest to us and for which numerical values of £ have 
been calculated it has always remained within the limits of 21° 39' and 24° 36' 
(present value, 23° 27'). The obliquity of the ecliptic fluctuates with a 
period of approximately 40,000 years. 

Eccentbicity of the Obbit. — ^The second element which, by its fluc- 
tuations, influences the radiation received by the earth from the sun, is the 
eccentricity of the orbit.t; As the sun occupies one focus of the ellipse of 
the orbit, it is easy to understand that its distance from the centre of the 
ellipse affects the length of the four seasons, as well as the distance of the 
earth from the sun at different times of the year (Fig. 46). Owing to the 
fact that the sun is not located in the centre of the orbit, there is a time of 
the year when the earth is nearer to the sun than during the remainder of 
the year. The point of the orbit which is nearest to the sun is called peri- 
helion, whilst the farthest point is called aphelion. At present, the earth 
passes through the aphelion in north summer, and Fig. 46 clearly shows 
that, in this case, the summer portion of the orbit is longer than the winter 
portion. The summer half of the year in the northern hemisphere is at 
present 7 days 14 hours longer than the winter half-year. 

The smaUer the eccentricity, the smaller will be the differences in the 
lengths of the seasons, and vice versa. The eccentricity fluctuates with a 
period of 92,000 years. 

* Owing to refraction some light' would reach the pole. The sun would appear 
always at about above the hotizoh, 

t Called e,” and equal to linear eccentricity half axis major. 
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Pebcbssioh of the Equinoxes.— The -third' eleiueiit in question Is the 
p'ecession of the equinoxes (tt), i.e. the gradual migration of the four cardinal 
points (spring equinox, summer solstiee, autumn equinox, winter solstice) 
along the orbit. The cause of the displacement is to be found in the oblation 
of the earth in connection with the obliquity of the ecliptic. The thickened 
equatorial belt of the earth is attracted by the sun’^ ; the part of the belt 
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Fig. 46. — Diagram illustrating the influence of the eccentricity of the orbit* 

Sun in one focus (f^) of the elliptic orbit. Distance from centre (c) to aphelion 
or perihelion = half axis major (a). cFj = “ linear eccentricity ” (he.). 

Eccentricity as used in calculation, e = 

Fig. 47. — Diagram illustrating the influence of the precession of the equinoxes. 

The four cardinal points move along the orbit. This movement is measured 
by the angle tt. 

which is nearer to the sun is attracted more intensely than the distant part- 
This attraction results in a tendency to turn the earth's axis upright, but 
* Apart from the sun, the moon and the planets contribute to the precession. 
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since the earth rotates continuonslj around its own axis, a conical moToment 
of this axis is produced. It is the same movement that we all know of 
rotating spinning tops with an uneven- load. 

The inevitable consequence of this conical movement is that the position 
changes of the four cardinal points on the orbit (the connecting lines of which 
always form a rectangular cross). Conformably with the conical movement 
of the earth’s axis, the cardinal points move by a small amount every year 
along the orbit. This movement is called the precession of the equinoxes, 
and its period, as seen from the earth, is 26,000 years. 

There is, however, a complication. While this movement takes place 
the orbit itself does not maintain its position. Owing to the attraction by 
other planets the elliptic orbit as a whole slowly swings round, and this 
movement is opposite to the direction of the precession of the equinoxes. 
The result is that, if one takes for instance the perihelion as zero-point on 
the orbit, a complete circle of any one of the cardinal points requires less 
than 26,000 years, in fact only 21,000 years.* 

It is withm this period of 21,000 years that the precession of the equinoxes 
influences the amount of radiation received by the earth from the sun. The 
simplest way of defining the position of the cardinal points on the orbit is 
by giving the angle at the sun between the line connecting the sun with the 
perihelion, and the line connecting the sun with the point on the orbit 
occupied by the earth at spring equinox. This angle {Fig. 47) is called the 
heliocentric length of the perihelion (w) ; it is nothing but a measu 2 :e for the 
precession of the equinoxes. 

B. CONSTRUCTION OF CURVES OF SOLAR RADIATION BASED 
ON THE VARIATIONS OF €, e, AND tt. 

Histobical Review. — ^The knowledge that the perturbations of the 
orbit influence the climate is very old indeed.f As early as the fifth century 
B.c. the philosopher Anaxagoras of Athens claimed that a change in the 
obliquity of the ecliptic would influence the habitability of the earth, 

Mter Kepler, in 1609, had shown that the elliptical shapes of the orbits 
of planets and their speeds of revolution complied with certain simple laws 
of dynamics, Newton, in 1686, discovered the reasons for the planetary 
movements in the mutual attraction of the masses of celestial bodies and 
formulated the theory of gravitation. He also postulated that the planets 
must attract one another and that, as a result, small departures must occur 
from the simplicity of elliptic motion. He thus succeeded in interpreting 
the perturbations. ^ 

It was, however, not until more than 100 years after Newton that, 
thanks to the work of Lagrange and Laplace, it became possible to calculate 
the perturbations on a mathematical basis but, in view of their relatively 
■small amplitudes, general opinion was at that time not in favour of a climatic 
interpretation of the phenomena. The task of calculation was again taken 
up by Leverrier at the end of the eighteenth century, and later by Stockwell, 
Pilgrim and Milankovitch. 

* This is the answer to a question raised by Mr. R. G. Lewis in the * Geol. Masf. ’ 
ltS5, p. 431. ^ ^ ® 

f Fuller historical accounts are contained in Milankovitch (1930, 1936, 19386). 
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The &st to undertake the step from astronomy to climatology was 
Adhemar who, in 1842, tried to show that the erratic material which we 
now know to have been carried into the lowlands by the gigantic glaciers 
of the Ice-age was transported by periodical floods. These floods, he 
supposed, were caused by the accumulation of water and ice on one of the 
hemispheres during a period of cold winters caused by the precession of the 
equinoxes and the movement of the perihelion. His theor}- is, of course, 
out of date, but of great historical interest. 

Later, when the drift hypothesis was replaced by the glacial theory, 
Adhemar’s considerations were revived, though %vithout success, smce it 
became evident that the masses of ice accumulated in the glacial ice-sheet 
(as reconstructed on geological evidence) were not sufficient to produce the 
inundations postulated by Adhemar. 

A considerable advance was achieved by CroU in 1864 (main publication,. 
1875), when he combined the effects of the changing length of the x)erihelioii 
with those of the eccentricity of the orbit. CrolFs theory says that, if in 
times of great eccentricity the line connecting the equinoxes approaches a. 
position vertical to the line connecting perihelion and aphelion, the hemi- 
sphere whose winter happens to be during the passage through the aphelion 
will have a long and cold winter. Periods of cold winters were, by Croli, 
made responsible for the glaciations. His theory, however, though much 
appreciated for some time, did not prove to be satisfactory, since it postulated 
an alternation of glaciations on the two hemispheres and an increase of the 
glaciation in periods of cold winters, and since it treated the fluctuations 
in the obliquity of the ecliptic independently of the changes in eccentricity 
and precession. A modification of Croll’s theory was put forward by 
WaUace (1880). 

At that time the possibility of climaticffiuctuations being due to changes 
of the obliqmty occupied the minds of several other workers, but Croll 
(1875) showed that their conceptions were incorrect. One of them, Drayson 
(1871), suggested that the obliquity sometimes reached values much higher 
than it is considered possible by the astronomers. His theory has, unfor- 
tunately, gained a certain degree of publicity, and has even been referred to 
in text-books. It was refuted by Croll (1875, pp. 398, 410). 

In 1890 Ball (1892) succeeded in improving CrolFs theory by combining 
the influence of the obliquity of the ecliptic with the excentricity and the 
precession. He considered, however, the total effects on the two hemi- 
spheres only. In fact, these vary very little, and it is, as was showir above,, 
the distribution of radiation over the various zones of latitude that is 
influenced considerably by changes in the obliquity of the ecliptic. 

Similarly unsatisfactory have to be caUed the attempts made by Culver- 
well (1894), Hargreaves (1896) and Ekholm (1901). These authors, too,, 
did not consider all three variable elements. Their results, interesting 
though they are from the historical standpoint, did not and could not agree 
with the evidence of past climates accumulated by the geologists. 

More recently, Spitaler (1921) undertook once more to explain the 
glaciations by means of the perturbations, but he omitted to consider the 
variation of the obMquity of the ecliptic until 1934. Moreover, the figures 
which Spitaler uses disagree with those of other authors and are regarded 
as unsatisfactory by Milankovitch (19386, p. 639), whose own figures for 
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the radiation received by the various degrees of latitude of the earth agree 
exactly with those of other mathematicians, such as Wiener, Lambert, 
Meech, Angot and Hargreaves (Mhankovitch, 19386, p. 599). 

It is not surprising, therefore, that Hann (1908) considered the astro- 
nomical theories as useless. Indeed, the attempts mentioned to explain 
the climatic fluctuations of the Ice-age by means of one or two of the per- 
turbations of the orbit or by an insufficient consideration of all three elements, 
could not produce results providing a basis for an absolute chronology of 
climatic fluctuations. Nevertheless, these authors were not far off the right 
^track. 

NuMEBiCAXi Calotjeation OF THE pERTXJBBATiONS. — ^The final Solution 
of the problem came from the mathematical side; Numerical calculation 
of the perturbations is an exceedingly difficult enterprise. The first results 
were obtained by Lagrange in 1782. The work was again taken up by 
Leverrier, whose calculations were published in 1843. They made their 
author famous throughout the world, since they resulted in the discovery 
of the planet Neptune. Leverrier had noticed that the masses and relative 
positions of the then known planets, Mercury, Venus, Earth, Mars, Jupiter, 
Saturn and Uranus, did not supply a complete explanation of all the per- 
turbations observed, and he postulated, and predicted the position of, the 
more distant planet of the solar system, Neptune.* But the elements of 
the new planet could not be taken into account by Leverrier before they were 
accurately determined, and he therefore added the perturbing influence of 
Neptune in the form of adjustments to his original calculations. 

This is probably the reason why, soon after Leverrier, Stoekwell calcu- 
lated the perturbations anew. His work took nearly 10 years ; it was 
published in 1873, 

Strangely enough, Leverrier^s and StockwelFs results were not properly 
used by those early workers, like CroU and Ball, who attempted to explain 
the phenomena of the Ice-age by the fluctuations of the elements of the 
orbit, and it was not until Pilgrim, in 1904, used StockwelFs figures in order 
to combine the individual results, that the fluctuations of solar radiation 
were tabulated for a long interval with the view to interpreting oscillations 
of the climate. Pilgrim’s figures cover approximately one million years, 
the year 1850 a.d. being taken as zero-point. Though Pilgrim’s climatic 
theories were not more satisfactory than the earlier ones, his figures provided 
a very important basis for all subsequent work. 

Milajtkovitch’s Calculations. — ^More recently the work was again 
taken up by M, Milankovitch (1913, 1915, 1920), whose studies finally led 
to a complete success as regards the establishment of a chronology for the 
Pleistocene. After Milankovitch had elaborated new methods of calcii- 
lationf he supplied, at the request ^ of the well-known climatologist, W. 

* Adams deserves equal credit for predicting Neptune {see Airy, Monthly Not. 
B. astrom. Soc. LoTidon^ 7 (1846), p. 121). The actual discovery was made by Galle, 
and independently by Chaliis in England. 

t It is incorrect to say, m Paterson (1941, p. 418) does, “ that Milankovitch was but 
reproducing Croil’s astronomical theory,” m will be apparent to all who have gone into 
the matter. Similarly, it is a regr^table paisconoeption to call the radiation curve 
as based on Milankovifcch’s work **Oo11’b curve as recalculated by Milankovitch,” 
since Croll never produced a ciirve of this kind. Thirdly, it is untrue to say that OrolFs 
theory was “ apparently forgotten by, or‘ Unknown to, writers on this matter of late 
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Koppen, a diagram showing the changes of solar radiation for the last 
650,000 }^ears as experienced by the 5oth, 60th and 65th degrees of northern 
latitude during the summer half of the year. These curves were for the 
first time applied to the climatic fluctuations of the Pleistocene as estab- 
lished on geological evidence by Koppen (in Koppen and Wegener, 1924), 
and subsequently b}^ Soergel and many others. In calculating these curves 
(Fig. 48) the elements given by Pilgrim were used, who, in turn, had obtained 
them mth the aid of StockwelFs formulse. 

At a later date Michkovitch and Miiankovitch calculated a new set of 
tables, this time based on Leverrier’s formulae. This procedure provided a 
most important check since, as mentioned above, Leverrier’s and Stockwell's 
methods of calculation were different. The new tables and curves (Fig. 
49) obtained in this way agree in all essential details with the older ones. 
The only significant differences are found in the intensities of certain maxima 
and minima. 

The later curve (and the tables providing the individual values for every 
tenth degree of latitude of both hemispheres — Miiankovitch, 1930, 1938<35, 6) 
is more accurate than the earlier for several reasons, of which only one need 
be mentioned here. The relation of the mass of the earth to that of the 
sun was taken by Leverrier as 1 : 354936, by Stockwell as 1 : 368689, and 
by Pilgrim as 1 : 335172. Bauschinger (1920) was able to show that the 
most accurate value obtainable is 1 : 329350. This value has been used 
by Michkovitch and Mlankovitch throughout their new calculations, whilst 
Pilgrim applied his value, better though it was than the earlier ones, only 
in part, being content with StockwelFs value in the remainder of the calcu- 
lations. For this reason, the new tables and diagrams of Miiankovitch 
may be regarded as the nearest possible approach to the real values for the 
fluctuation of solar radiation due to the inequalities of the orbit. They 
will henceforth be referred to instead of the earlier diagrams and tables. 

Before embarking upon a climatological interpretation of IVIilankovitch’s 
tables and diagrams it is necessary to obtain a clear idea of what information 
they supply, in order to understand their scope of applicability as well as 
their limitations. 

Quite apart from increased numerical accuracy, the tables and curves 
supplied by Miiankovitch have the advantage of enabling one to study 
separately (a) the seasons and (b) the zones of geographical latitude. Both 
these distinctions are, in fact, essential for the Correct interpretation of the 
climatic fluctuations of the Pleistocene. 

Distinction of Seasons. — ^There is a widespread, impression among 
geologists and others not acquainted with climatology that the annual 
mean temperature is sufficient to characterize a certain climate. This is 
most certainly not the case, the distribution of heat over the year being 
equally important, not to mention barometric pressure and precipitation. 


years.” Miiankovitch (1930), for instmce, discussed CrolFs theory with its merits as 
well as shortcomings. I have gained the impression from this and other paragraphs 
of Paterson’s paper that, with respect to the astronomical theory, he did not read the 
relevant original publications carefully before pronouncing judgment on the work of 
the authors concerned. Paterson’s paper became known to me after the present 
chapter was written, and it was impossible to insert more than occasional references 
to it. 



Fig. 48.—Simimer radiation of lafc. 65® N., for 600 thousand years before A.i>. 1800 (called “ before present, 

expressed in imaginary displacement of geographical latitude. Based on Stockwell, calculated by Milankovitcn, 
used and figured first by Koppen in 1924. . -xt j- 

Pig. 49, —Same as Mg. 48. Based on Leverrier, calculated by Milanlmvitoh (1930), ' mw diagram. 
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Mg. 51 shows the anaiial fluctuation of radiation for the last 185,000 
years, expressed in degrees of centigrade as calculated Milankovitch. 
It never exceeded 1|® C. Other authors regard the effect on temperature 
as even smaller ; it is clear, therefore, that the annual mean fluctuated so 
little that its changes have to be regarded as climatically insignificant. 
The fluctuations as calculated for the summer and winter halves of the year 
were, however, much more considerable, and Mg. 52 shows that periods of 
high radiation in summer meant simultaneous winters with low radiation, 
whilst periods with low summer radiation were periods of high winter 
radiation. It is fortunate that the present-day conditions are very near 
the average between all extremes, and since present-day radiation supplies 
the zero-hiie in the graphs, they are easy to read. 

Differences in the temperatures of the seasons, while the annual average 
temperature may be similar, distinguish the continental and oceanic types 
of climate ; they are illustrated b^^ a table, the figures for which were taken 
from Koppen's ' Elements of Climatology * (1931). In each of the four 
parts of this table, the localities are arranged begmning with the most 
oceanic and ending with the most contmentai climate. 



Mean. 

(July)^ 

(Jaiiuary)j 

{a) Annual mean between 8*3 and 8*7° C. 

Beaiey, New Zealand .... 

8*3 

13*7 

2*2: 

Edinburgh, Scotland .... 

8*7 

14*7 

3*9 

Berlin, Germany .... 

8*6 

18*0 

-0-7 

Kiutseliwang, Manchuria 

8*5 

24*4 (Aug.) 

-8*9 

(b) Annual mean between 9 • 6 and 9 • 8° C. 

Killamey, Ireland .... 

9*7 . 

14*8 ; . ... 

5*0 

London, England .... 

9*8 

17*3 

3*4 

Stuttgart, Germany .... 

0*7 

19*0 

0*3 

Budapest, Hungary .... 

9*9 

21*3 

-2*1 

Odessa, Bussia ..... 

9*6 

22*6 

-3*7 


(c) Aimiial mean between 11 • 1 and i 1 ♦ 7® C, 


Funta Galera, South America 

. 11*2 

14*0 (Jan.) 

8*8 (Aug.) 

Guernsey, Channel Islands 

. 11*1 

16*7 (Aug.) 

6*2 

Valladolid, Spain 

. 11*2 

. ' '. Yl-B. . . 

2*0 

Eriwan, Armenia 

. 11*3 

25*0 (Aug.) 

-6*5 

Peking, China .... 

. 11*7 

26*0 

-4*7 

{d) Annual mean between 20 • 2 and 20 - 
Waimea, Hawaii 

8° C. 

. 20*2 

22*1 (Sept.) 

18*2 

Biskra, Algeria .... 

. 20*7 

31*9 

10*6 

Phoenix, tJ.S.A. 

. 20*8 

32*5 

10*2 

Hottest month. 


t Coldest month. 



If an increase of the amount of radiation received in summer means an 
increase in temperature on the surface of the earth and, correspondingly, a 
decrease in winter, colder winters, then the periods of high summer radiation 
would signify periods of increased continentality of climate, and the periods 
with decreased summer radiation periods of greater oceanity. Geological 
evidence has shown that changes in the character of the seasons played an 
important part in the glacial phases, and it is essential, therefore, to study 
the fluctuations of solar radiation separately for summer and winter. All 
tables and graphs, therefore, are constructed separately for the summer and 
winter halves of the years. Unfortmiately it has become a widespread 
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practice among geologists to neglect the winter tables and curves completely, 
chiefly because the winter curves are very nearly the reverse of the summer 
curves, so that the summer curves alone provide an adequate picture. 

Calobic Half-Yeaes. — ^Difficulties would arivse if, in the calculation of 
the tables, the summer half of the year were simply taken as astronomical 
spring + summer, and the winter half as astronomical autumn + winter, 
It was shown above that the lengths of the seasons depend on the variations 
of e and tt, and that in certain phases the lengths of the summer and winter 
halves differ by man}^ days. Thus, the astronomical summer half-year is, 
at present, on "the northern hemisphere 7 days 14 hours longer than the 
winter half, but this value can grow to as much as 31 days 20 hours (Milan- 
kovitch, 1930, p. 46). If the calculations were based on such seasons of 
miequal length, the values for the radiation received would no longer be 
comparable. In order to obtain constant half-years, therefore, Milanko- 
vitch divided the year into two “ caloric halves ” of equal length in time, 
the summer half comprising all those days on which the daily amount of 
radiation received is larger than any daily amount received during the 
winter half. 

Gais’ONIC TJmTS , — ^In the tables the variation of the radiation received 
by the earth from the sun is expressed in camjiic units. These are obtained 
from the equations used in calculating the quantity of radiation received, 
by substituting 1 for the value of the solar constant and 100,000 for the 
sidereal year.* These canonic units are useful from the mathematical point 
of view. They can be used for comparing the relative intensities of radia- 
tion in time and space, but they do not, without some calculation, convey 
an idea of the absolute intensity of the changes of radiation. For this 
purpose, other methods of representation have been devised. 

The tables on which the well-loiown graphs or '' radiation- curves are 
based, the result of very laborious work, were published by Milankovitch 
for every tenth degree of latitude between 5^ and 75° of both hemispheres. 
The values were calculated for points on the time-scale at intervals of five 
thousand years before a.d. 1850 and for a great number of additional points 
where it proved desirable to make the graphs more accurate. The tables 
are contained in Milankovitch, 1930, pp. 128-134, and Milankovitch, 1938a, 
pp. 31-37. They cover a period of 600,000 years, but some graphs extend 
backwards still further (Fig. 50). Beyond 1,000,000 years, however, calcu- 
lations have not been carried, since the intensities of the maxima and 
minima become less certain for the earlier ages.f 

* To transform canonic units into gramme calories, note that i * 946 gramme calories 
per square centimetre and minute is the solar constant, and that the sidereal year has 
about 526,000 minutes. 

t On the theory of classical mechanics it should be possible to calculate the values 
for any length of time back into the past. There is, however, a residual movement 
of the perihelion which cannot be explained by Newton’s laws. It was Einstein who 
succeeded in interpreting this phenomenon, which has since become one of the most 
important proofs for his general theory of relativity (see, for instance, Russell, 1931, 
p. 131). This residual movement is found with all the planets, but is by far the largest 
with Mercury. It cannot as yet be incorporated in the calculations of the pertui'foations. 
Its induence is negligible for the last 600,000 years, and still small for the preceding 
400,000 years, but previous to 1,000,000 years it assumes proportions which would 
render futile any calculation of the perturbations with the view to reconstruct the 
fluctuations of solar radiation (Milankovitch, 193S6, p. 649), 
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Distinction of Zones of Latitude.' — ^Tite distinction of zones of geo- 
grapMcal latitude is an essential complication which has been neglected by 
all workers except Pilgrim and Milankovitch.' ' The influence of the fluctua- 
tions of the obliquity of the ecliptic on the radiation received by total hemi- 
spheres is comparatively small, but it is very great hi certain zones of latitude 


180 170 160 150 no 130 120 110 100 90 80 70 60 SO 40 30 20 10 

THOUSAND YEARS BEFORE PRESENT( 1800 A. D.) 

Fsg. 50. — Extension of Fig. 48 to one million years b.p., calculated by Milanko- 
viteb in 1930, published by Eberl (1930). 

Fia. 51. — ^Annual mean of radiation of 65" FT. lat., full line. Bummer radiation, 
broken line. Beale, left, degrees centigrade ; right, canonic units. Based on 
tables in Milankoviteh (1930). 


and small in others. It will be seen that the steps of 10"" Lat. chosen by 
Milankovitch are sufficiently close. Though the important point of the 
geographical latitude under which any area considered is situated has been 
emphasized from the start by Koppen and Milankovitch, it has frequently 
been neglected by geologists. It is necessary that, in considering the 
evolution of ice-sheets, the radiation changes in the zone of origm of the 
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ice-sheet be considered, as well as those hi the zone into which the ice- 
sheet extends during the later phases of the glaciation. For regions outside 
the glaciated and periglacial areas, such as the Mediterranean and the 
tropics, the values for the respective zones of geographical latitude have 
to be used, with due consideration of secondary influences derived from 
higher or lower latitudes. 

There also exists a calculation of the radiation received by the portion 
of each hemisphere limited by the 45th degree, i.e, in each hemisphere the 
portion which was most affected by Pleistocene glaciations and which, in 
the northern hemisphere, comprises the largest mass of land (Miiankoviteh, 
19386, pp. 664-667, fip. 324, 325.) 

A similar calculation has been made for the portions of the hemispheres 
enclosed by the 55th degree (Miiankoviteh, 1938a, pp. 39-41 ; 19386, figs, 
326, 327). 

Gbaphic Pbesbntation oe Results. — ^The various graphs constructed 
from the numerical values supplied by Miiankovitch’s tables have been 
given in several kinds of units for the intensity of radiation at any given 
time. The straightforward representation in canonic units has been used 
most often, but since it was felt that canonic units convey little to the non- 
mathematical mind, the first graphs ever published (in Koppen and Wegener, 
1924) and many later ones gave, instead, the corresponding imaginary 
alteration of geographical latitude. A decrease of radiation, received at a 
given place during a given season, as compared with the present amount, 
produces conditions as if this place were situated on a higher degree of 
latitude, whilst an increase of radiation is equivalent to an imaginary shift- 
ing of the place to a position nearer the equator. This method of repre- 
sentation conveys, at a glance, an idea of the intensity of the fluctuations. 
A locality situated on 65® N. lat., for instance, received, 10,000 years ago, 
a summer radiation as if its position were on 60® IST. lat., whilst 23,000 years 
ago the summer radiation was of an intensity which is now met with on 
71® N. lat. (Fig. 49). The drawback of this method of presentation is that 
it lends itself to misinterpretation, as the imaginary displacement of the 
locality may be taken as something real. 

The ideal presentation would, of course, be that in degrees of temperature. 
The transformation of canonic units into degrees of temperature is, however, 
a difficult process, and the way to achieving, it is paved with obstacles and 
pitfalls. Miiankoviteh, in his more recent publications, has calculated the 
theoretical movements of the snow-line corresponding to the fluctuations 
in canonic units. This is, for the purposes of the Pleistocene geologist, a 
readily comprehensible way of showing the fluctuations of radiation. Milan- 
kovitch has also undertaken to express the fluctuations of solar radiation 
in centigrades of temperature (19386, p. 652 ; see Fig. 51). Other workers, 
however, regard the effect on temperature as smaller than Miiankoviteh 
does (Simpson, 1940). Since this is a problem of climatology, its bearing 
on the theory of glaciation will be discussed later on (pp. 150-154). Here 
it suffices to emphasize that Milankovitch’s formulae merely supply those 
differences in temperature which would be produced by a given change in 
intensity of radiation at seadevel in a perfectly quiet atmosphere. The 
ensuing modification of the meteorological conditions is not, and, for the 
time being, cannot, be expressed in. th& manner. 
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Fia. 52. — Summer and winter radiation for the last 130 thousand years, for 
latitudes 25® to 75® JSf. Summer half-year, full line ; winter half-year, 
Warmest month, . . . . ; coldest month, - - - * Deviation from the present 
given in degrees centigrade, scale in canonic units added. From Milanico- 
vitoh, 1930, pis, 3, 4. 
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Since the method of representmg the mtensity B radiation does not 
affect the shape of. the "curve,, it does not; matter whM kind of graph is 
resorted to in interpreting geological evidence., , The best is, perhaps, after 
all that in canonic units, since if does not imply any considerations beyond 
the iietiiai amount of radiation received on the upper limit of the atmosphere. 


c. RADIATION CUR-FES AND GLACIAL PHASES. 

li^rTBODUCTiojf. — ^The fact that the amount of radiation, received by the 
earth from the sun, fluctuates as described in the preceding parts of this 
chapter has been known for some time, but the numerical elaboration has 
taken many decades, and the tabular and graphical methods of representing 
the combined effects of the astronomical elements have been achieved only 
within the last 25 years. 

The probable effects of the fluctuations of radiation on the climate of 
the earth could not be studied in detail until the radiation tables and curves 
had attained their present form, so that most of this work dates from the 
last 10 or 20 years. Much of it has not yet found the appreciation it 
deserves, and it is often assumed that a haphazard superposition of a radia- 
tion curve on some succession of climatic events constitutes an act of 
scientific dating. This mistaken view accounts for much of the scepticism 
displayed by some scholars with regard to the absolute chronology of the 
Ice-age. 

SNOWLms AJ!SJ> Radiation. — ^An argument showing how closely climate 
is determined by radiation, in particular how' the height of the snow-line 
depends on summer radiation, has been brought forward by Milankoviteh 
(19385, p. 641). It is illustrated by means of Figs. 53 and 54. Fig. 53 
gives ill canonic units the radiation at present received in summer (full line) 
and winter (broken line) by the various degrees of latitude. Fig. 54 shows 
the actual, observed or calculated, height of the present snow-line, according 
to Koppen. The curve of summer radiation proves to agi*ee closely with 
that of the snow-line. In both the equatorial depression has slightly north 
of the equator, and in both the southern peak of the curve is higher than the 
northern. If one anatyses these curves mathematically one obtains a cor- 
relation factor as high as 0*83 for the enthe curves, and for the portions 
between 40*^ and 90"^ N. iat, (in which subsidiary climatic disturbances such 
as the precipitation deficit of the dry belts are ruled out) the correlation 
factor is 0*996. A causal connection between the curves is, therefore, 
highly probable. 

On this basis Milankoviteh attempted to correlate changes in the radia- 
tion with movements of the snow-line (19385, p. 649), and found that, 
theoretically, one canonic unit corresponds to a vertical displacement of the 
snow-line by 1*094 m. In nature, considerable deviations from this value 
must be expected locally, due to the local climatic conditions. Thus, it is 
chiefly of theoretical value, but it gives some idea of the magnitude of the 
changes that may be expected to result from oscillations of the radiation. 

Magnitude of the Effects of the Flxjotttations of Sodab Radia- 
TiON.^ — ^This brings us to the diflScuit question of the order of magnitude 
of the modifica.tions Offered by Jibe climate of a locality as the result of the 
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periodic' £iictiiatioiis of summer/aiid winter 'radiation. The views of workers 
diverge' .widely in this respect. : 

'The paramomt.:.diffi'eiiity is that :these..effeets can only be expressed in 


Fig. 53. — Present-day stimmer radiation {fall line) and winter radiation (broken 
line) for every degree of latitude, expressed in canonic units. Calculated by 
Milankovitcb (19386), 

Fig. 54. — ^Present-day snowline, in metres above sea-level, for every degree of 
latitude. After Koppen, in Milankovitcb. (19386), 

V /.A a...'.";, r'':""”' ' a ' ■' ' '' ^ ',;A ■ ' ' AA.A':'^'A.:v':y' v.a^5'a^.''A.'.-^ 

degrees of temperature irrespective of the influences of precipitation/ etc. 
Several authors have tried to take this into account. 

Miankovitch (19386, p. 652) used the fact that, on the average, the 
temperature falls by 1° G. for each 150 m. of vertical ascent during the warmer 
part of the year. Thus, 150 m, of displacement of the snow-line, or roughly 
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1511 eationic units, correspond to one degree of centigrade in change 
of temf>eratiire. This figure is largeiy h;^’pothetical, and the actual values 
must have differed from it in many cases. Simpson (1940), for instance, 
poirited out that they cannot apply to the North Atlantic Ocean in latitude 
55^ Nw, where during the first phase of the Penultimate Glaciation the 
winters would have been warmer than the summers. This, however, does 
not disprove Mlankovitch, who expressly confined his work to the large 
land surfaces. . ■ ■ 

Even on land, the theoretical change of temperature need not correspond 
to an actual one. Wundt (193Sn) discussed this point in some detad, and 
emphasixed that lowering of the snow-line can be caused by an increasedly 
owanic character of the climate, without a drop in temperature. He found 
that a reduction of the seasonal difference of summer and winter by 1® C. 
W'ould depress the snow’-dine by 78 m. in the average (Wundt, 19386). 

Apart from these objections to the direct and unrestrained interpretation 
of the theoretical changes of temperature, Simpson (1940) has designed a 
different method of calculating the temperature, and obtained values which 
are only about one -fourth of those of Mdankovitch. I do not feel competent 
to say whether Simpson’s method, which aims at aotiiaL values and takes 
into account meteorological factors, provides more reliable, results. 

It is evident, however, that we are as yet unable, to assess the fiuctuations 
of radiation in degrees of temperature. Some workers attribute to them a 
considerable direct effect ; most workers are inclined to regard the direct 
effect on temperature as moderate but the secondary effects (see below) as 
considerable, and others, like Simpson, regard the effect as altogether 
negligible. 

Our inability to assess numerically the climatic effects of the fluctuations 
of radiation does not entitle us to discard them as insignificant unless we 
have sufficient geological evidence for their being so. But geological 
evidence points most emphatically in the opposite direction. 

Thus, in considering the probable effects of changes of radiation on the 
terrestrial climate, we have to keep in mind that the direct effects on tem- 
perature may have been small. A reduction of about 2^^ C. in July and an 
increase of F C. are the largest changes admitted by Simpson (1940), though 
Koppen, Milankovitch and others consider greater effects probable. In the 
following paragraphs, the small figures just given are accepted as a basis for 
discussion. 

EiOTCT OF Reduction of Summer Temperature. — The reduction of 
summer temperature resulting from a decrease of summer radiation must 
have reduced the melting of snow and ice, depressed the snow-line and, in 
this maimer, favoured the preservation of existing and the formation of 
new glaciers. TMs view is held by most meteorologists who have studied the 
problaim of the snow-line (Koppen, 1924 ; Ahlmann, 1924). For mouiitain 
areas of the temperate zones, such as Scandinavia or the Alps, therefore, 
it can be said that periods of hot summers tend to raise the snow-line whilst 
periods of cool summers, lower it. It was in the first instance for this reason 
that, in 1924, Koppen correlated the glacial phases with the summer minima 
of radiation. 

Tim effects of the depr^ion of the snow-line are intensified by the 
peculiar distribution of precipitation with altitude. This was pointed out by 
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Brooks (1926, pp, 183, 308), ■■■wlio.reliednpDn 'ideas developed by PascliiB^er 
(1923), and whose words l am foilowing -in a shortened and slightly modified 
form: , , 

‘'As we go upwards in, a ■ monntamous . country, , the total amount of 
precipitation increases ton certain level, above which it again decreases. 
With increasing height, also, the proportion of total precipitation which 
falls as snow becomes steadily greater. Hence we can distinguish a level of 
maximum rainfall, and above that .a, level -of maximum' snowfall (in tiio 
Alps at 1200 to 1650 m., and' 2400 m., respectively). The latter is often 
very sharply marked ; it depends uj^n the winter conditions. The snow- 
Ime, on the other hand, depends mainly on the vsummer temperature. At 
present in the Alps the snowline is about 600 m. above the level of maximum 
snowfall. Suppose now the summer temperature decreases while the 
winter temperature remains unchanged.- The snowiine vdli descend, and if 
the decrease of summer temperature reaches 6°P. j snowiine 

will coincide with the level of maximum snowfall. The supply of snow 
available for glaciers will be greatly increased and this stage will see a great 
development of glaciers.’’ 

Thus it appears that in periods of reduced summer radiation more ice 
survives (a) because of the smaller amount of heat radiation reaching the 
snow or ice surface, and (6) because of the depression of the snow-line 
towards the line of maximum snowfall. 

Effect of the Incbbase of Wieter TBiviPEBATtrRE— Under certain 
conditions warmer winters also will encourage the growth of ice-sheets. 
If the winter temperature is much below freezing-poiat a slight rise is not 
likely to affect the glaciers. There is, however, no doubt but that in certain 
important parts of the European area of glaciation the supply of snow was 
greatly increased as the result of mild winters acting on existing snow- 
and ice-fields. The effect of a rise of temperature in the neighbourhood 
of an existing ice-field was demonstrated by Simpson (1938). He placed 
some water in glass cylinders and closed them with a small chamber con- 
taining solid carbon dioxide, to represent the ice-eap. If the water at the 
bottom of the Jar is slightly heated, convection of the air and evaporation 
of the water are greatly increased and, with them, condensation over the 
" ice-cap,” resulting in a heavy cover of ice crystals on the cold chamber. 
One can readily compare the air above the warmed water to the air above 
the Gulf Stream west of Scandinavia, and the cold chamber to the high 
mountains of Scandinavia. Any period of warming up, whether during the 
year as a whole (as assumed by Simpson), or during the winter only (as 
assumed in the present discussion), must bring increased snowfall to the 
Scandinavian mountains. 

The increased snowfall in certain mountain areas during periods of warm 
winters has been stressed and its various aspects discussed bv Beck fl938. 
p. 141) and Wundt (1935). 

Increase of snowfall would also occur in areas where the winter tem- 
perature is not much below freezing-point and where a rise towards freezing- 
point would greatly increase the frequency of snowfall 76 per cent, of the 
snowfalls occur at temperatures between + 4® and - 4"^ c. (Wundt, 1935. 
following Kassner). This maximum near freezing-point is a well-knowi:i 
phenomenon. 


154 


THE aEISTOCE:^-® PESIOB 


Effect of a Pebiod of Gbeateb Oceakicitf ox the Clbiate of 
Efbofe ; Sof3iAEY. — It is impossible here to go further Into detail. From 
wluit has been saldj liowerer. it is apparent that a period of increased 
oeea.nicity, as suggested by the phases of decreased smnmer radiation and 
increased winter radiation^ although the effects measured in* degrees of tem- 
perature may be quite small, ^ would, in temperate Europe, Increase the 
glaciation of Scandinavia and of the Alps, and create a number of new 
small centres of glaciation, as for instance in the Scottish mountains (Bona- 
oina, 1938 ; Sdleh, 1932). If one accepts, in place of the very small tem- 
perature changes calculated by Simpson, those calculated by llilankovitch 
or some figure tetweon the two, the effects would have been correspondingly 
greater. 

IxFLUExcE OF ToFooBAFHY OX Eubofeax Glaciatiox. — 'No gkclatlon 
would develop if all Europe consisted of lowlands. It is the existence of 
the Scandinavian mountains, the Alps and, to a minor degree, the Scottish 
Highlands, that brought about the glaciation of vast lowland areas at low 
latitudes during the phases of decreased summer radiation. 

Scandinavia was by far the. greatest of the European centres of glaciation. 
It is worth while, therefore, 'to consider the changes which would result 
there from a period of decreased summer and increased winter radiation. 
Fortunately, H. W. Ahlmann ' has provided most valuable information 
coneeming the snow-line and the amount of precipitation at various altitudes 
(Ahlmann, 1924). 

In isouthem Norway, between 60® and 62|® N. (Kvitingen to Romsdalen), 
the height of the present snow-line varies beWeeii 2200 and 1300 m. above 
sea-level. In northern Norway, between 65|° and 72® N. (Veifjord to 
Alten-Kvaenangen) it varies between 1500 and 1000 m. 

Ahlmann found that the precipitation as recorded by the valley stations 
is much smaller than actual amount falling on the mountains. He obtained 
the latter with the help of the run-off measured in the rivers. The amounts 
obtained in this way vary, for 21 stations given, between 115 and 380 cm. 
(45 and 149 inches) per year. They are among the highest for Europe. 
Now, if the snow-line is depressed during a period of cool summers, a large 
area of the Scandinavian mountains receiving heavy precipitation, but at 
present ungiaciated, would be included in the glaciated level. Much of the 
unglaciated country between 06® N. (Svartisen Peninsula) and 70® N. 
(Tromso) lies above 1000 m. If the summer temperature decreased by 
2® C., the snow-line would be depressed to between 1200 and 700 m,, and the 
existing small areas of glaciation would join up to form an almost continuous 
i<»-sheet extending over the northern part of the S-Mndinavian mountains. 
Moreover, this ice-cap would receive a very large amount of snowfall as 
shown by the figures given. 

If we now add the effect of the warmer winter coupled with a period of 
low summer radiation, with its increase of convection and of condensation 
over snowfields, it seems probable that such a period, though its effect on 
temperature might be slight, would result in a very considerable increase in 
the glaciation of ScandMavia. The peculiar topography of Scandinavia 
would cause much of the w to flow eastwards into the basin of the Baltic 

It may te objected that there. is a great difference between such fliic- 
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tiiations of the snow coTer in restricted areas- and a full-scale glaciation. 
Quite apart from the fact that a very small: change has been assumed in the 
present discussion, a larger one as used -by- ■■Koppen .(1935), producing miieii 
more conspicuous results, it is the secondary effects of an ice-cap on the 
climate that- change a looalty restricted, phenomenon into one of contineiital 
dimensions. 

D. SECOXDAEY EFFECTS OF AK .■ ICE-SHEET ON THE CLIMATE. 

Once an ice-cap of comparatively small - dimensions has been formed 
in the manner described a number of re-intensifying factors . come , into 
play. They are collectively called the secondary effects."' ' 

AIiBBDO. — T he most dmect of these is- the loss of - heat hy reflection, 
called albedo, which leads to a considerable cooling of the ice-body and of 
the surrounding air. Its great importance -for the intensification of glacial 
phases has been pointed out by many writers, notably by Brooks (1926), 
xMilankoviteh (1930), and Wundt (1933, 1935, 19385). Ililankoviteh (19385, 
p. 663) included this effect in his calculation and produced curves showing 
its influence, combined with that of the solar radiation, on the snow'-line 
for the parts of the earth north of Lat. 55® N., and south of Lat. 55® S. 
(his figs. 326, 327). 

The total albedo of the earth in its present state has been variously 
calculated as between 40 and 45 per cent. (43 per cent, being an acceptable 
value) . So much of the radiation received from the sun is normally reflected, 
taking the average of all kinds of light and dark surfaces of the earth. 
A very large portion of the light surfaces is represented by clouds, the 
importance of which is explained by the fact that, at present, the 
clouded portions of the earth comprise as much as 54 per cent, of its 
total surface (Brooks, 1927). Changes in the cloudiness, therefore, will 
affect the albedo of the earth considerably. This has been pointed out 
by Simpson in many of his papers. 

The albedo of a light surface, such as clouds, ice or snow, is as high as 
80 per cent. (Brooks, 1926 ; Wundt, 1933), whilst that for the open ocean 
and for forests may be as low as 3-5 per cent. Light-coloured soils may 
have an albedo as high as 24 per cent, (values from Wundt, 1933). Similar 
values are given by Angstrom (1925), namely 80 per cent, for glaciated 
areas and 20 per cent, for unglaciatad areas. 

It is quite evident that the loss of heat due to albedo over an ice-sheet 
helps to preserve it. Brooks (1926, p. 128), using Angstrom’s values, found 
that the heat lost by albedo from an ice-sheet in temperate latitudes would 
be sufficient to melt 30 ft. or 9 m. of ice per year. The cooling effect of 
the albedo grows as the ice-sheet grows, so that this mutual intensification 
must, if sufficient time is available, have great results, although the initial 
accumulation of snow or ice may have been small. Ail authors who have 
studied the growth of the Pleistocene ice-sheet have attached great weight 
to the albedo effect, since, in this way, the difference between a slight initial 
drop of the snow-line of some 200 to 400 m. and its depression during the 
major glacial phases of 1100 to 1300 m. can be accounted for. 

It is difficult, however, to assess in degree of temperature the effect of 
the albedo on any particular ice-sheet. Wundt, therefore, calculated; the 
effect of a glaciation on the albedo of the entire hemisphere concerned. He 
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divided the surface of the earth' -mto light, medium and dark areas, using 
Brooks’s 10 degree fields as.^a basis. The effects of cloud were also taken 
into account. H© found, by two : independent methods, that the albedo 
of the northern hemisphere was increased by 3*9 per cent. (Wundt, 1933) 
or by 3*2 per cent. (Wimdt, 1938fe). In order to obtain a rough value for 
the effect upon temperature, of this increase of albedo, a formula by Exner 
was used in 1933, and Stephan’s Law combined with a formula by Mlan- 
kovitch in 1938. The depression of temperature was, according to the two 
different modes of calculation, 4*8® C. or 4*F G. for the northern hemi- 
sphere. 

Taking the smaller figure -and. applying the commonly accepted value 
of F C. per 150 m. of depression-of the snow-line, a general average depres- 
sion of the snow-line of the northern hemisphere of 600 m. would have been 
caused by the increased albedo alone. This, added to the initial depression 
of 2-400 m., brings us near to the actual depression during the Last Glacia- 
tion which, in the Alps, amounted to about 1100 m. 

These calculations cannot' claim to yield precise results. They do, 
however, show what the order of magnitude of the effects of albedo on ice- 
sheets is, and that the original growth of ice-sheets during a phase of decreased 
summer radiation, plus the secondary effect of albedo, suffice without more 
to explain the observed depression of the snow-line during one of the major 
glacial phases of the Pleistocene. 

The Glacial Anticvclohe. — ^We have now to turn to those secondary 
effects that an ice-sheet exerts on the circulation of the air. The first and 
most important of these is closely linked with the albedo phenomenon ; 
it is the accumulation of cold and heavy air over the ice-sheet. This heavy 
air constitutes an anticyclone which, if it attains a sufficient size, will 
interfere with the ordinary, non-glacial, circulation of the atmosphere. 

It is well known that in the winter in temperate Europe, snow-cover 
and bright sky are associated with high barometric pressure and east winds. 
Anticyclonic conditions exemplifying the conditions of an ice-cap beeor 
over Europe practically every year. 

A permanent snow-field or ice-cap must have a certain minimum size 
for an active anticyclone to develop over it. It is eaky to understand that 
a thin stratum of cold air over a small iee-cap will not bar the way to 
cyclones passing through the area. Brooks (1926, p. 69) has made an 
interesting attempt to determine the minimum size of an ice-sheet capable 
of sustaining a stable antioyclone. 

According to Brooks, the greater part of Antarctica is immune &om 
travelling depressions. The ice-cap of Greenland, though smaller, is still 
broad enough to prevent the influence of the majority of large depressions 
from extending to its centre. On the other hand, even smaller ice-masses 
like those of Icjeland and Spitzbergen have little effect on pressure distribu- 
tion. From this Brooks concludes that the critical point lies between the 
diameters of Greenland and Iceland, and that the diameter of a circular 
ic»-sheet must attain 700 to 1000 miles before it can dominate the pressure 
distribution by pushing travelling depressions out of their way, compelling 
tibem to pass around the ice-covered area instead of traversing it. 

In the concluding sentences of his discussion, Brooks alludes to the 
..change of climate, revealed by the.flota after the Last Glaciation. The 
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retreat, or' rather melting down of the ice, was. a very rapid process, yet it 
was interrupted by a halt, the Salpansselka Stage (p. 40). It is the view 
of Hyyppa (1933), as wall as of Koppen (1934), that this stage, which 
lasted oMy for some 700 years, can be explained without' assuming a drop in 
temperature. According to these authors., the Scandinavian ice-cap had 
by that time become so small that its anticyclone deteriorated and depres- ; 
sions were able to enter the Baltic more frequentty. This brought an increase 
of precipitation which, for a short time, may have increased the snowfall 
and thus caused a short halt in the retreat. ■ ■ 

The interesting feature of this explanation, umioticed by its authors, is 
that the diameter of the Scandinavian ice-cap during the Salpansselka Stage 
had been reduced to about 1000 km. or 625 miles, a figure which agrees 
very closely with the minimum size deduced by Brooks. 

Deviation of Babometbic Defbessions. — ^The establishment' of an 
anticyclone over Scandinavia and the Baltic, probably extending east into 
Asia and certainly south into central Europe during the more intense 
glacial phases, modified the climate profoundly in many respects. Four 
of these may now be mentioned : 

(1) The barometric depressions which bring rain to Europe and arrive, 
generally speaking, from the west or south-west and penetrate into the 
Continent, were deflected by the glacial anticyclone. Many were forced to 
take the southerly course and to enter the Mediterranean, bringing an 
increase of rainfall to this zone. This conception is an old one (see, for 
instance, Eckardt, 1909), and it has been used by numerous authors to 
explain the pluvial phases in the Mediterranean. The pluvials will be 
considered separately (Chapters VII and WII), so that it suffices here to say 
that conditions in the Mediterranean were somewhat more complicated 
than is generally assumed. 

Another group of depressions was probably deflected northwards, 
bringing extremely unsettled weather and heavy precipitation to the north 
Atlantic in the early part of a glacial phase. Western Scandinavia is likely 
to have benefited by this, and received further supphes of snow at a time 
when the ice-cap required enormous amounts for its sustenance and growth.* 

As the cover of drift ice in the north Atlantic grew, however, this northern 
route of the depressions would have been barred to an, increasing Extent, 
with a consequent reduction of precipitation. This must have had impor- 
tant repercussions on the feeding of the Scandinavian ice-sheet (see point (4), 
below). 

East Winds.— (2) The winds blowing from an anticyclone in the 
northern hemisphere arrive from the north-east quadrant along its southern 
edge. The areas adjoining the Scandinavian ice- cap in the south, therefore, 
were dominated by easterly and north-easterly winds, which, coming from 
an ice-sheet, were dry and cold. They must have been particularly strong 

The later stages in the growth of an ice-sheet must not be visualized as being 
entirely due to the supply of snow to the original centre of glaeiation. Snow which 
falls near the periphery of the growing ice-cap, and ground-ice formed in the tjmle 
see Chapter I) would have aectnnulated and formed immense masses of dead ice before 
the moving glacier joined up and began to incorporate them. This process speeded tip 
the growth of the ice-cap and possibly explains the rapid extension of the ice-cap 
from Scandinavia into north Germany, as the reverse process of dead-ice formation 
during retreat explains the rapidity of the latter. 
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ill summer. The dry character of the perigiadai zone, as established for 
wntral and east Europe (loess steppes, see p. 4), is due to this cause. 

It may be mentioned that the fossil inland dunes of central Europe 
siippl>’ evidence for these east winds. That these dunes were built up on 
the sandy plains of large river valleys by east winds is shown by their shaj^s. 
They were subsequently wnrked over by westerly winds immediately prior 
to liing fixed by vegetation (Solger, 1910). 

(3) The anticyeloiiic winds were cold all the year round, since they came 
from an iee-eap'the sixrfaee of which rose rather gradually towards the 
i(?e*ccntre,* In this respect they differed from anticyclonic wdnds in a 
temperate climate, which are cold in winter but warm in summer. The 
cooling effect of these winds on the perigiadai zone must have been con- 
siderables ; it is probably the cause of the low summer temperatures (generally 
less than l(f C. in, July) which obtained in that zone (Zeuner, 1937). 

(4) Since these cold and dry east winds prevented most of the depressions 
from entering the glaciated area and the perigiadai zone, the amount of 
precipitation w’‘hich reached such districts must have become less and less 
as the glacial climate became more intense. This factor must have brought 
about a complete change in the climatic chfiraeter of that part of the peri- 
glacial zone which extended from west through central to east Europe. 
When the glacial phase began, the climate w^as pronouncedly oceanic in the 
west and centre, and in the east less continental than at present. As the 
ice-cap grew and the glacial anticyclone developed the climate became 
increasingly continental, with cold winters and with less precipitation, 
leading to a widespread replacement of forests by steppe and tundra.. 

It must not be assumed, however, that during the maximum of a glacial 
phase no depressions were ever able to enter the periglacial zone. While 
we have to think of winter conditions as comparative^ stable and, therefore, 
intensely dry and cold, and while in summer the great pressure-gradient 
between the ice and the heated lands in the south must have resulted in a 
great outflow of heavy and cold air from the ice, making the summer climate 
of the periglacial zone windy, cold and dry, it is probaMe that in spring and 
autumn conditions were less settled, and depressions were now and then able 
to travel east along the southern edge of the ice-sheet. They would have 
helped to produce a luxuriant prairie vegetation in spring and in autumn 
would have supplied the snow cover for the winter. 

CUMATE OE'PEEIGLACIAri ZOHE : SXJMMAEY.— Duiiug the height of ib 
glacial phase, therefore, the annual cycle of the climate of the periglacial 
zone would have been something as follows : 

Winter : Great cold, mow cover, albedo, comparatively quiet 
atmosphere. 

Spring : Snow precipitation, westerly winds, unstable 

weather. Luxuriant prairies spread over the country. Grazing 
mammals and their enemies populated the loess steppe. 

Summer : Heating of soil by the rays of the sun, little precipitation, 
cold and dry ice-winds chiefly from N.E. July average below 10® C. 
Brairies dried up, loess dust deposited. The mammals retreated to the 

■=** It is troe, however, that both in Autarctiea aad Greenland, where the ice drops 
suddenly, from high' 'altitude down to sea-level, relatively warm and dry winds are 
olwarved ioe-fdhn *’). 
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neighboiirliood of tlie rivers and into tiie protected entries of tlie moral- 
tain valleys, where the vegetation now- reached its climax. There the 
mammals also passed the muter. 

x4utumii : Decrease of temperature, fresh invasions of oceanic air, 
precipitation leading to snowfalls which ■' bring the winter cover of 
■ -.snow.' ■ ' ■ ■ ■ ' 

Early winter: The ice-anticyclone'' spreads over the loess stex>pe 
(Zenner, 1937, p. 388). 

This sequence has been worked out in the present context as the probables 
result of the chmatic changes which were set in motion in Europe by a phase 
of decreased summer and increased winter radiation. On the other hand, 
the biological aspects of the climatic conditions postulated have lieen amply 
confirmed by Pleistocene palaeontology (Zeuner, 1937), and the buried soil's 
have confirmed in detail the character of the climate of the periglaciai 
.zone '(p. 17). ■. '■ 

We are justified, therefore, m cancludmg that the entire climatic aspect of 
a glacial phase as observed in temperate Europe can be explained as the result 
of a period during which solar radiation was less in summer and more in winter 
than at present. The quantitative estimates have shown that fluctuations of ilds 
type, which have occurred repeatedly during the last million years as the result 
of the periodical changes of the perturbations of the eartlds orbit, were sufficient 
to produce glaciations of the intensity observed, though much of the intensity 
has to be attributed to secondary effects. From the climatological point of view 
there is no objection to, but considerable support for, correlating stmimer minima 
of radiation with glacial phases. 

Second ABY Effects Outside the Areas of Guaciatiok. — The lati- 
tudes which were not directly affected by a glaciation experienced fluctu- 
tions of the radiation of the sun which were of the same type as those for 
the higher latitudes, though the rh 3 rthm changes as one approaches the 
equator. The fiuctuations must have influenced the climate of the various 
zones of latitude, but their effects have not yet been worked out. 

Superimposed on these primary fluctuations of the climate of the lower 
latitudes were the secondary effects produced by the glaciations of the higher 
latitudes. They, too, require elaboration. The nature of the modifications 
to be expected may be gathered from Brooks’s useful book on ‘ Climate 
through the Ages’ (1926, pp. 63, 315). It is unnecessary to pursue the 
subject further here. 

The only zone for which sufficient material is available is the Mediter- 
ranean. Chapters VII and VIII will be devoted to it. Some general 
remarks concerning the tropics will be found in Chapter VIIl also. 

Drop in Sea-level. — Finally, another world- wide secondary effect of 
the glaciations must be referred to — ^the eustatic drop of the sea-level which 
accompanied each glacial phase. During the Last Glaciation it amounted 
to about 100 m. (see pp. 246, 251),, and it was possibly as much as 200 ni. 
during some of the earlier phases. 

A drop of 100 m. may appear to be insignificant. It would, of course^ 
have added this same amount to the depression of the snow-line and thus 
contributed to the intensification of the glaciation. But more important, 
probably, were the local changes in the coastlines. Much of the North Sea, 
for instance, would become' dryland if the sea-level is depressed by 100 m. 
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and the British Isles would be joined to the Continent. f 

modification towards continentality m the climate of the 
One of the conspicuous results of this change was the extension of the loe . 
steppe to northwest IVance and southern England. 

B. PHENOMENON OF RETARDATION. 

The notion that the maximum of a glaciation occurs later than the 
ilimatie event that caused it is an old one. If certain climatic conditions 
cause ice to accumulate in the feeding area of a glacier, it ^ take some 
time for this over-supply to reach the periphery, i.e. make the glacier 
advance. Wundt (1935), using observations on the Rhone Glacier by 
Mercanton, found that the winter minimum of temperature occurs m mid 
January, whilst the corresponding maximum advance of the ice iront oecms 
on May 25 (mean of 20 years). Applying observations of this kmd to the 
ice .sheets of the Pleistocene, it is likely that the maximum of a glaciation 
occurred many years after the summer minimum of solar radiation which 

■■ .Mtiated it. ' ■ g ■ . .. . . ■■ , 

Eadiatioi^t Mimuiitm and I^Iaximdm.^ AccOTtJLATiON.— llie rirst ana 
perhaps most important factor of retardation affects the maximum accumu- 
lation of ice relative to the minimum of summer radiation that caused it. 
As explained earlier in this chapter, the great accumulation of ice on bcan- 
dinaria was due to a progressive seif-intensification of favourable conditions, 
so that the accumulation of surplus ice in excess of the outflow must have 
continued for some time after the mnumum summer radiation. The amo^t 
of this retardation cannot be assessed, though it was certainly not negligible. 

Maximitm Volume and Maximum Extension.— In considermg the 
maximum of a glaciation it is necessary to make a clear distinction 
between the maximum of ice volume and the maximum extension 
ice-sheet. In recent years Blanc (1937) emphasized this distinction which 
was worked out by Hess (1904), who relied on work done during the last 
century by Forel, Finsterwaider and others. 

The fact that glaciers continue to advance even after their volume has 
begun to decrease has an important bearing on the Pleistocene glaciations. 
It shows that the maximum extension, for which terminal moraines and 
other deposits supply the evidence, may have occurred sorne time after the 
maximum accumulation of ice in Scandinavia and the Baltic, although it is 
difficult to express this retardation in years. 

The two factors of retardation discussed cause lag of the maximum 
extension of the ioeysheet relative to the radiation minimum. ^ 

Retabdation oe Retbeat.— a very different, and independent, 
phenomenon is the retardation of the retreat of the ice-front caused by we 
absorption of heat in the melting proce-ss.* It is wel known that this 
amounts to 80 calories, sufficient to raise the temperature of the ice from 
about - 80^ 'C. to 0*=^ C., or of water from 0® C. to + 80^ C. ^ The meltmg 
heat is supplied by direct radiation and by air currents, and its absorption 
by the melting ice exerts a powerful coolffig effect on its surroimdings and 
slowed down the disappearance of the ice-sheet. Milankovitch (1930, 

* tlhls was appiwiated as aud by Croll, and in 1880 by Wallace. 

"Cmli 11$^, p. 125) said; conservative tendency certainly ^renders it ^ more 

difficult for the physical agencies to get rid of the ice during interglacial periods,” 


ASTBOKOmCAL THEORY 


161 


p. 161) paid special attention to tMs retardation factor and derived formulae 
for it. His calculations cannot be reproduced here. In applying them to 
the summer minimum of radiation which caused th© first phase of the Last 
Glaciation, he found that the melting effect of the subsequent period of high 
summer radiation would not have removed more than 750 m,. of ice. Since 
the thiclmess of the,, Scandinavian ice-sheet was probably greater than this, 
it is conceivable that soma ice survived the folowing iiiterstadial and gave 
a start, to the second phase of the Last Glaciation (Milankovitcii, 1930, p. 1 #2). 

Caleiiiations of this kind are, of course, of the nature of estimates. But 
since two factors are active in causing the retardation of the maximum 
extension of the ice-sheet and a third in delaying its disappearance, at least 
two of which may be matters of many thousand years, it is necessary to pay 
serious attention to the phenomenon of retardation, and to consider the 
possibility that an unmelted residuum of a first phase helped the second 
phase of a glaciation on its way. 

r. THE CAUSE OE AN 'ICE-AGE. 

Astronomical Theory boes not Pbovibe the Cause of the Ice-Aoe. 
— ^The preceding discussion of the astronomical theory has, I hope, made it 
clear that the fluctuations of solar radiation, caused by the perturbations 
of the earth’s orbit, provide a satisfactory explanation for the alternating 
glacial and interglacial phases. They do not, however^ explain the Ice-age 
as awhoh. 

The perturbations fluctuated during the Tertiary in much the same 
manner as during the Pleistocene (though they caimot as yet be calculated), 
but they did not then cause glacial and interglacial phases. Th© reason for 
this can only be that a major oscillation of some unknown factor created 
conditions favourable for glaciation during the Pleistocene, but not for some 
considerable time before.* 

A lilsely cause of the Pleistocene Ice-age, therefore, has been searched 
for by all modern workers on the astronomical theory, 

Pole Migration. — ^The idea put forward by Koppen was that th© poles 
of the earth were not stable, and that the North Pole moved into its present 
position during the course of the Quaternary, coming from th© Pacific.t 
There is a fair amount of geological evidence for pole migration as such, but 
Koppen and Wegener’s original conceptions (1924) were based on insufficient 
paiaeoclimatic evidence. As a result, their North Pol© moved faster and 
faster towards the Present — an extremely unlikely postulate. Hence, pole 
migration found little favour with workers on the cause of the Pleistocene 
ice-age (Wundt, 1935), and Koppen himself reduced the fast movements 
suggested in 1924 (Koppen, 1930, 1933), though he continued to defend the 
curved route assigned by Mm to the pole during the Quaternary (Kdppen, 
1935), ■ Milankovitch (1934, 19385} calculated the movements of the poles 
on a geophysical basis, and arrived at a route dated in time units of unknown 
duration. By applying Kreichgauer’s determination of the position of th© 
Carboniferous North Pole and the age of this formation m determined by ■ 
*** Mutatis mutandis the astronomical theory and th© possible - causes of an Ice-age 
as treated in this context apply to, the Permo-Carbomiferous and otlier pre-Pleistocene 
glaciations also, but this matter is outside the, scope of this book. , 

f This movement 'is purely relative, , since the astronomical axis of the earth is 
considered stable, while the crust of the earth moves over the plast ic core, 
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the radio-activity method, he obtained an estimate for the rate of displace- 
ment. His conclusion was definite : “ TMs displacement proceeded 

extremely slowly in any case, so that it could not make itself felt during the 
last 600,<k)0 yearn/’ The displacements of the poles of the earth had no in- 
fiiience on the couko of the Quaternary ice-age ’’ (Milankovitch, 19385, p. 688). 

On quite independent lines Klute (1928), Woldstedt (1930) and Wundt 
(1935) came to a similar result, at least with respect to the Last Glaciation. 
The migration of the rotational poles of the earth, therefore, can safely be 
discarded as a possible cause of the Quaternary ice-age. 

CosTiKEKTAL Dmft AND Sea-oubeekts.— A second movement which 
might have produced geographical changes of a character and magnitude 
sufficient to cause an ice-age is Continental Drift. The westward drift of 
America is the only one of the several postulated by Wegener (1937) which 
might have something to do with the Quaternary ice-age. Being parallel 
to the latitudinal Mts, however, it would not have brought nearer to the 
pole any part of the area concerned, and it is necessary to invoke secondary 
factors, such as the cutting off from, or admission to, the Arctic Ocean of 
warm W’'ater from the Tropics. The theory thus becomes so highly con- 
jectural that it is hardly worth pursuing : the individual rates of Mfting 
of Gmenland and North America are very different (if the available figures 
can be confirmed), the opening of the Atlantic gap would necessitate a 
closing of the Bering gap, tfie height of the submarine ridges plays a decisive 
part, and the influence of the warm sea currents would entirely depend on 
their quantity. It is not inconceivable that this .type of change has some- 
thing to do with the beginning of the Pleistocene ice-age, but it has a very 
slight factual basis. 

The hypothesis of changing ocean currents influencing the climate of 
the higher latitudes has found great favour with v. Kemer-Marilaun (1930), 
and more recently Wundt (1935) has paid attention to it. Brooks (1926) 
discussed in detail the effects of changes in the oceanic circulation on the 
glaciation of the high latitudes. 

Deceease of Solae Ck)NSTAKT- — ^A very different possibility for the 
cause of an ice-age is the decrease of the energy output of the sun. The idea 
is very old in its original form. It has been revived in recent j^ears, since 
the one factor which is regarded as constant in all varieties of the astronomical 
theory is the solar constant. Observations on sunspots have suggested that 
there may exist a fluctuation of the radiation sent forth by the sun, with a 
periodicity of thousands or even millions of years. This possibility cannot 
be denied, though to the best of my knowledge no proof has yet come 
forward/' 

A theory of the Ice-age based on a decrease of the sdlar constant, there- 
fore, rests on an assumption which is possible but not supported by evidence. 
Assumptions of this kind have often resulted in the discovery of great truths 
and shcwld not !:» discarded for a priori reasons, but rather be tested by 
comparing their obviouB consequences with the evidence provided by nature. 

A decrease of the solar ecmstant at the end, of the Tertiary would imply 
a' reduction of the averse temperature of the earth in the Quaternary. 
11ds‘''Mea looks veiy atti^icstive. But, diffioultiw arise, especially with 
■regard to Tertiary climate, when 'the meteorological implications are con- 
sidered. Brooks- hm paid spaciai,. attention to the problem of the fluctua- 
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’tiom of the solar constant and discussed the Tariotis theories put forward 
(1926;, pp. 96-114). He concludes that Huntington and Viaher^s theory 
(1922) of the correlation of sunspots and storminess of the climate, the most 
elaborate yariety of the theory of changes of the solar constant, affords a 
possible explanation of the Ice-age, but that it must be held In reserve 
while the effects of other factors whose variation is Ijetter known are studied.” 

Fluctuatiohs of Solab Cokstakt : Simpson's Theobv.— In recent 
years, Sir George Simpson has developed an ingenious theory which is based 
on the assumption of two maxima of the solar constant during the Pleisto- 
cene, Though one is inclined to prefer known causes to unknown and 
imconfirmable ones, the possibility of two such oscillations having occurred 
during the Pleistocene is conceivable. If one accepts this promise of 
Simpson's theory, one has to admit that his subsequent arguments drawn 
from modern meteorology suggest a course of climatic changes which would 
explain the fourfold scheme of European glaciations as proposed by Penck 
about forty years ago. Briefly, Simpson’s argument (1930, 1934, 1938, 
1940) is as follows (Fig. 54) : 

(a) An increase of the solar constant produces a slight initial rise of 
temperature and, owing to increased convection in the atmosphere, greater 
cloudiness and increased precipitation.’*' 

(b) Increased precipitation lowers the snow-lme, and this results in a 
glaciation. 

(c) With continued increase of radiation the mean temperature will 
increase : the snowline will rise and ” , . . there wiE be a steady 
decrease in the area glaciated ” (Simpson, 1940, p. 215). 

(d) When radiation decreases, '' the whole process is gone through in 
the reverse order ” (Simpson, 1940, p. 215). 

With two complete oscillations of the solar constant, one thus obtains 
a first group of two glaciations separated by a warm and wet interglacial, 
.then a long interglacial which, solar radiation being at its minimum, is cold 
and dry, and a second group of two glaciations separated by a warm and wet 
interglacial. In the lower latitudes, where the glaciating effects are confliied 
to^ the highest moimtaiiis, two pluvials only would have occurred, one 
corresponding to the first two glaciations, and the other to the second pair 
of glaciations. 

These conclusions provide a chance for the testing of the theory by 
geological evidence. As regards the character of the interglacials, it has 
been found that the Last Interglacial which, on Simpson’s theory, should 
have been warm and wet, was for some time pronouncedly continental, with 
chernozem forming as far west as the Rhine valley (p, 17). The Penulti- 
mate or Great Interglacial should have been cold and dry, but its climate, as 
shown by the Hotting deposit in the Austrian Alps (Penck, 1921), was 
about 2° C. warmer than at present, and probably soxnewEat more oceanic. 
Finally, the evidence for pluvials in the Mediterranean area (see Chapters 
VII and VIII) shows that there were more than two pluvials there, and^the 
same is suggested for tropical and South Africa by recent investigations 
(p. 210). The theory of a double maximum of the solar constant, therefore, 
arrives at conclusions which contradict the geological evidence. 

* this result is not generally accepted; See, for instance, Wundt (10S3, p. 244), 
andBrooks’^remarksouBiajiford’stheory (1026, p. 102),; ^ Por a discussion of Simpson’s 
theory, see also Koppen (19S5). ^ 
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NotwitlistaEding this lack of success of Simpson’s theory of the Ice-age 
as a whole, it has made valuable contributions to the meteorological side of 
the problem, as shown in earlier parts of this chapter. 

Theobv op EcsTATiSM.'-^-'There remains one other theory which deserves 
attention, the theory of enstatism. It has the advantages of being based 
on geological observkions, of linking the phenomenon of ice-ages with other 
periodical phenomena of the earth’s crust, and of suggesting the recurrence 
of ice-ages at long intervals. 

One“of the queer facts of Pleistocene stratigraphy is that the interglacial 
sea-levels wwe successively lower. Interpreted solely in terms of glacial 
aiistasy, this would mean that in each interglacial less degiaciation took place 
than in the preceding one/ an assumption which does not sound acceptable 
in view of the evidence for the climate of the interglaciais. Some other 
factor, therefore, appears to have brought about the gradual lowering of 
the sea-level, the fluctuations due to glacial eustasy (p. 225) being merely 
superimposed on some major cause which depressed the sea-level progres- 
sively tlifoiiglioiit the Pleistocene (see also p. 24B). This movement was so 
regular that tho major interglacial sea-levels, if plotted on the time-scale 
of the radiation curves, lie almost exactly in a straight line (Pig. 76, p. 250). 

Now, this depression of the sea-level during the Pleistocene appears to 
be part of a process which has been operating throughout the Tertiary and 
possibly began in the Upper Cretaceous, when a transgression occurred on 
all continents, which was perhaps the greatest of all in the history of the 
earth (Qignoux, 1936; Umbgrove, 1939, p. 188). BauHg^(1935} studied 
the Pliocene sea-levels and found the highest at 380 m. Deglaciation cannot 
provide the water for the sea-level to be at such a height, the maximum rise 
obtainable from this source being less than 100 m., so that alternative 
explanations have to be sought for. 

The high sea-levels of the Tertiary are most easily interpreted by a 
subsequent uj)ward movement of the land. That the land, or large# 
portions of it, has risen in Cainozoic times has been proved in many places. 

On the other hand, the ubiquity of tlie Pleistocene sea-levels, which are 
found at the same height in Australia and America as in Europe, sugge§ts 
that the sea-level during the Pleistocene (and conceivably in the Tertiary 
also) actually became low^er and lower, since it is impossible to regard the 
rising of the land as taking place at the same rate everywhere, so that the 
heights of ancient beaches remain the same in distant localities. It appears 
possible, therefore, that the sea-level sank by several hundred metres during 
the Tertiary and Pleistocene. The land would thus have been relatively 
elevated to greater heights, and a corresponding drop of the snow-line would 
have ensued.* This is the Ikmry of eusMism, and the most probable cause 
of the phenomena interpreted by it is a sinking of the bottom of the sea.f 

♦ Ifc is ‘of TOurs© true that, erosion must have proceeded simultaneously with the 
crease in relief, but it could not have been uniform, and could not have prevented the 
mountain masses from being raised progressively to higher and higher altitudes relative 
to the sea-level, 

t There is evidence fm the sinking of the great ocean troughs, especially in the 
Pacific. It is onlyjaeeessary to recall m this connoction Darwin’s theory of coral reefs 
(1889). For evidence obtained by more recent investigations, see Umbgrove (1939, 
p. 125), who says that some deep ocean-ba^s must in all probability have originated 
in a 'recent geological ‘ 
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But it is apparent that, although eustatism (as distinet from glaeial 
eiistasy) seems indicated by the Pleistocene sea-lerels. the sinking of the 
bottom of the sea necessitates' compensatory upward movement of the land 
somewhere, because of the general "tendency -to isostatic adjustment in the 
crust of the earth. It is impossiMe, therefore, to separate eustatism and 
rising of the land sharply. This result is best expressed in Baulig’s words 
(1935, p. 31) : ^^Absolute shifts, of the sea-level appear inexplicable except 
by deformation of the oceanic basins, which in turn implies changes in the 
absolute position of some at least of the lands. So that epelrogenic and 
isostatic movements on the one hand ■aiid'-eustatic movements on the other, 
far from excluding each other, appear correlative/’ 

The theor}?' of eustatism or sinking sea-ievei thus boils down to the 
conception that the crustal relief 'became ' intensified in the course of the 
Tertiary (see also Longwell, Knopf ' and /Flint, 1939, p. 171; Thwaites, 
1939, p. 108). It is easy to assume that, by tbe end of the .Hioeene, 
sufficient areas had come to lie close to the snow-line for the fluctuations of 
solar radiation to become effective and to cause glacial phases. 

In this connection it may well be thought significant that what knowledge 
we have of preceding ice-ages suggests" ' that they also followed, or were 
contemporary with, great orogenetic epochs, and that they occurred during 
periods of exceptionally high crustal relief. 

Many theories of rhythmic revolutions, or cycles, in the history of the 
earth have been put forward in recent years (ITmbgrove, 1939) which 
intend to explain either the recurrent-phases of intensified teetoniC' activity 
(for instance the theory of magmatic cycles, Holmes, 1926, 1937), or the 
cycles of transgression and regression of the sea (pulsation theory, Grabau, 
1936, 1940), or a combination of both (Bucher, 1933 ; Bauiig, 1935 ; Umb- 
grove, 1939). If the increase in crustal relief can eventually be established 
as the primary cause of ice-ages, these exceptional, though recurrent, 
periods would find a natural place in the major scheme of the geophysical 
evolution of the earth. 

CoNCLiJSioH. — ^It would lead too far* to expound further the theory of 
eustatism in the present context, as it has no direct bearing on chronological 
problems. It may suffice to say that geological, palaeontological and zoo- 
geographical facts exist in abundance which appear to support It. 

^The conclusion to be drawn from this discussion of the possible causes 
of an ice-age is that no objection can be raised against the astronomical 
theory of the glacial and interglacial phases of the Pleistocene on the grounds 
that the latter does not explain the Pleistocene Ice-age as a whole: Several 
acceptable theories have been' put ' forward to fill this gap, and the theory 
of eustatism appears to have a better chance of substantiation than the 
othera. 

‘ We are now sufficiently prepared to 'enter upon a comparison of the 
geological divisions described in Chapters 11 to IV with the fluctuations 
postulated on the 'basis of the astronomical theory. This will constitute 
the test for the latter as a chronological system enabling us to date ©vents in 
the Pleistocene in thousands of years. ' 



CHAPTER VI 

THE ABSOLUTE OHKOJTOLOOY OF THE PUSISTOCENB 


A. THE CORRELATION OP THE GEOLOGICAL SEQUENCE WITH 
THE SEQUENCE OF FLUCTUATIONS OP SOLAR RADIATION. 

The possibility of dating in years the phases of the Pleistocene depends 
solely on the correlation of two sequences of events of independent derivation, 
the claim being that their resemblance is not fortuitous. 

/ The Geological Sequence. — ^T he- first sequence is that of climatic 
phases derived from geological evidence. It has been discussed fully in 
Chapters 11 to IV. The summaries for the morainic areas of the Scan- 
dinavian and Alpine glaciations (Fig. 17), for the periglaciai areas of central 
Europe (Fig. 24) and north France (Fig. 33), and for the morainic areas 
and the periglaciai Thames Basin of Britain (Kg. 42), ail agree in the follow- 
ing peculiar rhythm of glacial and temperate phases : 

The Last Glaciation had three cold phases. 

The Last Interglacial was much longer than the time elapsed since the 
Last Glaciation, and it was in part warmer than the Present, 

The Penultimate Glaciation had two phases. 

The Penultimate Interglacial was by far the longest, and in part warmer 
than the Present C Great Interglacial 

The Antepenultimate Glaciation had two phases. 

The Antepenultimate Interglacial was temperate, much like the present- 
day climate. 

The Early Glaciation had two phases. 

There occurred several other cold phases before the Early Glaciation. 

It hardly needs reiteration that this sequence cannot be observed in 
any one locality. Evidence for the phases following the Great Interglacial 
is plentiful, but scarce for those preceding it. 

' RKAiopra Timb-soale oe tsm Geological Seqttehce. — S everal authors 
have attempted to design a relative time-scale for these phases of the Pleisto- 
cene, the ba-sis for'^thnateof dumtioB being the demount of erosion achieved 
by the rivers during the mild‘ phases. Unfortunately we have no means of 
estimating the duration of the glacial phases since their intensity need not 
determine their duration. The earliest estimate is that by Penck and 
Bruckner (Fig. 16) deduced from the erosion and the degree of weathering 
of the Alpine ^avel-trains.' It is perhaps the most valuable, since it was 
designed long before the publication of the first radiation curve. But it 
does not yet distinguish the phases of the four major glaciations (Fig. 55a). 

Another estimate of relative duration was designed by Eberl (1930, pi. 2). 
He, too, used the amount of erosioii achieved during the mild phases, in Ms 
area of Alpine gravel -trains north-east of Lake Constance (Fig. 55b). 
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A third estimate, by Soergel {1025), reHes .ob the erosional differcBoes 
between the terraces of the Ilm, m the pesiglacial area of the Scandinaviaii 
glaciatioB (Pig. 55o). 

In Mg. 55 these three estimates are shown in their relative spacing, 
but the relative intensities of the ' glacial phases have been omitted, for 
the reason stated above. Considering the possibility of other factors 
intorfemg with the erosional activity of the. livers, the agreement between 
the three estimates mnst bo considered as surprisingly good. They consti- 
tute the geological sequence which, by- correlation with the astronomical 
sequence, enables us to date the Pleistocene. 


Fig, 55. — Diagram comparing three geological estimates of the relative duration 
of the climatic phases of the Pleistocene with the sequence of minima of 
summer radiation. Note that in Soergel’s diagram the first phase of the first 
pair is not shown,, being outside the picture. 

The Asteohomical Sequence. — ^The '' astronomical sequence is, of 
course, the sequence of minima of summer radiation. For the purpcwse of 
its correlation with the geological sequence, the climatic Interpretation of 
the radiation curves is irrelevant since, if it can be shown convincingly that 
the uninterpreted radiation curve closely resembles the geological sequence, 
it becomes highly probable that there is a causal connection 'between the 
two. If, on the other hand, we had to interpret or modify the radialion 
curve first in order to make it resemble the geological ^uanw, the proba- 
bility of a causal connection between the two would be less; In fact, the 
untampered curve proves to be in close agreement with the geological 
sequence, so much so that we can safely* conclude that the minima of summer 
radiation produced the glacial phases^ 
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For this correlation it is advisable to select a curve which coiiceivablv 
might have tiad a decisive influence on the iiiteiisity of the glacial ^pliases. 
The most suitable appears to be that of 65“ N., which is ^the^ latitude of 
iiortlieni Scandinavia, where the centre of the Scandinavian ice-sheets is 
to 1)8 sought. In Fig. 55 all minima of sumnier radiation exceeding an 
imaginiary displacement of four degrees of latitude are entered in their 
chronological order. 

COEElIiATIOV OF CrEOLOaiCAE AI^I) ASTEONOailCxiL SBQTOIffOES,— A 
coiiiparison of tlie three geological scales given, especially of Eberl's (Fig.^Sos), 
with the mhiima of solar radiation suggests that the three summer minima 
of 25,000, 72,000 and 115,000* represent the Last Glaciation, those of 
187,000 and 230,000 the Penultimate Glaciation, those of 435,000 and 476,000 
the Antepenultimate Glaciation, and those of 550,000 and 590,000 the Early 
Glaciation. This correlation is in the first instance based on the length of 
the Penultimate and Least Interglacials, which is about 4 : 1 according to 
Penck, 2 : 1 on Eberl’s scale, 1^5 : 1 on SoergeFs scale, and 3 : 1 on the 
radiation scale. In the second instance it is based on the correspondence 
of the three minima R.M. 25, 72 and 11*5 with the group of , three glacial 
phases included in the Last Glaciation. Compared with this, the earlier 
glaciations appear to have had two phases only, and these are most readily 
correlated with the pairs of radiation minima, R.M. 187 and 230 (== Penulti- 
mate Glaciation), R.M. 435 and 476 (= Antepenultimate Glaciation), R.M. 
550 and 590 (=Early Glaciation). 

This measure of agreement between the geological and astronomical 
sequences is not likely to be accidental. It affords, therefore, a reasonable 
basis for the transformation of our relative chronology of the Pleistocene into 
an absolute chronology. 


B. ABSOLUTE CHRONOLOGY. 

Retabdation Neglected. — ^The adoption of the astronomical time-scale 
for the phases of the Pleistocene is easier than its application. It must be 
clearly understood that, in assigning the age of a minimum of summer 
radiation to a glacial phase, the phenomenon of retardation (p. 160) is 
neglected, and that the true age of the maximum of the glacial phase is 
somewhat less. Our present inability to assess retardation in years compels 
us to use the figures for the radiation minima. But since the retardation 
of the maximum of the third phase of the Last Glaciation was considerably 
lew than 12,000 years, judging from-de Geer’s varve counts for the south 
Swedish moraines, it is ‘ evident that the > error mused by the neglect of 
retardation is relatively small for the earlier phases. 

The^nuisima and maxima of summer radiation change their position on 
the .ttme-scale s%htiy with- the gec^aphical latitude. Their amplitudes, 
however, vary consWerabiy more. It is essential, therefore, that the 
radiation of the zone of latitude in which a locality is situated 'be duly 
considered. In the glaciated and periglacial areas, however, the influence 
of radiation chants experienced by higher latitudes was imposed on lower 
onea, so that' it is permiwiMe to use a selected curve as representative of a 

Haiuiina of summer mdiatia'm ar© cited in abbieviated form, viz, 
il.M, B.M. 72, ©te.» dropping the Thousand years B.P. 
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wliolc aroa of glaciation.. For tiio Scandinavian area, for instance. tte^ciii\ o 
of snminar radiation for 65*^ N. has been niost wide!}"" used. This is the 
latitude of the northern part of the Scandinavian monntainSj where the 
glaciating process is likely to have started. 

The differences in the curves for 65*, 55° and 45° N. lat. (Pig. o2) are 
small and for most purposes Insignificant^ and the phases of the Alpine 
glaciations can be dated by means of this curve also. _ ^ ^ 

The curve for 65° N., therefore, is given here in some detail (Fig. 56), 
with an indication of the glacial phases correlated with^ the respective 
minima, to serve for general reference. It should be used in preference to 
less accurate diagrams Ilk© Pigs. 48 or 49, which give the amplitudes only, 
and these on a smaller scale. For latitudes other than those of temperate 
Eurone, other curves given in this book should be consulted (Pigs. 52, 67, 
72, 78). ‘ ■ 

COMPABISOH Of AsTEOHOHICAL DaTES WITH GEOLOGICAL ESTIMATES 
Of Time.— “The ages and durations of periods of the Pleistocene derived 
from the astronomical time-scale agree remarkably well with estimates 
made on a geological basis. Since the absolute chronology as here proposed 
finds further substantiation in this manner, some of these estimates may be 
mentioned briefly. 

According to the radiation scale, the time that has elapsed since the 
Last Glaciation, usually called Postglacial, must have been 25,000 years 
niinua retardation. This spac^ of time was estimated by de Geer at 18,000 
years, by extrapolation from varve counts amounting to over 12,000 years 
(de Geer, 1926). Prom deposits of the Muota Delta in Lake Lucerne (w^Mch 
became ice-free some time after the maximum of LGl^), Heim (1894) obtained 
16,CKM) years. Stack (1892) found 20,000 years from similar deposits at 
Interlaken, between Lakes Brionz and Thun, and 14-15,000 years from the 
Aare Delta in Lake Brienz. Penck and Briickner (1909, p. 1169) assigned 
an age of 24,000 years to the Palssolithic station of the Schweizersbild near 
Schaffhausen, Switzerland, which was occupied during the third phase of 
the Wurm Glaciation. The close agr^ment of these empirical values with 
the radiation date is highly significant. 

For the interglaciak, Penck’s estimates, based on the depth of weathering 
and the intensity of erosion, were ^,000 years for the duration of the Last, 
and 240,000 years for that of the Penultimate Interglacial (Penck and 
Briickner, 1909, p. 1169). The corresponding intervals of high summer 
radiation lasted for 60,000 and 188,000. years respectively. 

Estimates for the total duration of the Pleistocene suffer from the 
ambiguity of the lower limit ofitiiis' period (see p. 174). If on© accepts the 
Early Glaciation as the first Pl^ktocene event, relegating everything earlier 
to the Pliocene, the astronomical seal© suggwts 600,000 years. This figure 
is identical with the duration of the Ice-age in Penck’s .curve for the Alpine 
glaciations (Penck and Bruckner, 1909, fig. 136 ; see this book, Pig. 16). 

On the other hand, pre-Gunzian cold phases have been made known 
from the Alps by Eberl and cKirresponding formations are known from the 
periglaeial areas. If these ph«es are included in the Pleistocene, this 
period would comprise one mfllion yeare on the astronomical scale, Rutten 
(1927) obtained from the thickn^ of deposits assigned to the Pleistocene 
of Jawa one ■ million years, determination of the age of radioactive 
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minerals of supposedly Pleistocene age also' lias yielded one miffioii yeaTs 
(see, for instance, Holmes, 1915, p. 296). ■' 

Thus, the estimates of the absolute age' of the Pleistocene and some of 
its phases a^ee so well, with the absolute age assigned to them by means 
of the radiation curve, that they supply fiirther evidence for the correctness 
of the Astronomical Theory In its modem form. 

, o, STBATIGRAPHICAL INTERPRETATION OF THE 
RADLiTION CURVES. 

Mbthoo of Apfboaoh. — Several authors, having convinced themselves 
that the application of the fluctuations of solar radiation to the dating of 
the phases of the Pleistocene is essentially' correct, have set themselves the 
task of comparing in detail the amplitudes of the curves mth the geological 
evidence for oscillations of the climate. 

The reader will be aware that this approach is directly opposite to that 
adopted in the present publication, since it assumes from the start that the 
radiation curves are applicable, and that the geological evidence must 
somehow be in agreement with them. In the present context no such 
assumption has been made ; instead, it has been shown that the geological 
evidence results in a sequence of events which proves to match the sequence 
of minima of summer radiation. It is clear, however, that once one has 
convinced oneself by means of the approach adopted in this book, the other 
way promises to throw light on many unsolved problems. Some of these 
may be mentioned here, as examples of the type of constructive speculation 
which may be based on the Astronomical Theory. 

Glaciation Ccjbves. — Soergel (1937) undertook to construct a curve 
giving the state of glaciation at any one moment of the astronomical time- 
scale, for central Europe between 11® and 19® E. long. Tins glaciation curve 
(Soergel, 1937, pL 1, also Zeuner, 1938, fig. 3) is regarded by Soergel himself 
as a first attempt to include the effects of solar Taxation, caloric properties 
of the ice, retardation and other factors, in a single representation. The 
great value of this kind of work lies in the possibilities it affords for testing 
theoretical conclusions in nature. One of the striking features of Soergel’s 
curve, for instance, Js the short duration of the intergiaciais compared with 
the glacial episodes. Certain observations appear to me rather to point to 
a greater length of the interglacials and a short duration of the glacial 
phases. 

The Older Loess is much more deeply weathered than the Younger Loess, 
so that the Last Interglacial appears to have been several tunes longer than 
the postglacial period of temperate climate. On the glaciation curve they 
are shown as of equal duration. Furthermore, it is inconceivable that the 
great platforms of marine erosion which characterise the interglacial sea- 
levels could have been cut in periods not exceeding 10, OCX) years. 

A 'glaciation curve for the Swiss Alps was constructed by Beck (1938,. 

The MiNiMOTf of LG%. — ^Among the special problems arising from the 
application of the. radiation curve, only a few can he pointed out^here. 
An interesting one is, the possible irfluehoe of the displacement of minima 
with geographical latitude. WMle the minimum of LGl^ was attained 
25,000 years B.P. on 65® N„ the actual minimum of summer radiation on 
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55"" X. and lower latitudes 'did '.not occur until 22,100 years B.P. This 
dilfereiiee is slight, but it may- have had some iiifliieiice on the development 
of the peripheral part of the ice-sheet. 

The Pboblem of LGl^ akd the Wakthe Phase. — problem which 
cannot be settled with the evidence at present available is the identification 
of R.M. 115 in the Scandinavian area of glaciation. In the present context 
Soergefs view that this is the Warthe phase (''Wiiim I’’) has been adopted 
largely in order to simplify the representation of this extremely complex 
problem.:,- 

Evidence which implies that the Warthe phase may not correspond to 
E.M. 115 has been put forward chiefly by Banish authors (see p. 35 for 
references). In essence the Banish view is — 

(1) That Warthe was an independent glaciation which extended to 

the west coast of Jutland, and — 

(2) that the nature of the Horning interglacial series in Jutland 

shows that no ice-sheet ever passed over them, and that sblifluction 

deposits which cover them correspond to the Weichsel phase. 

The consequence of (1) and (2) together is that the Herning series must 
have been later than Warthe and earlier than WeichseL In this case, the 
following three correlations with the radiation curve are conceivable : 

(a) The first is that Warthe equals R.M. 115, the Herning series with its 
pronouncedly warm flora, and with the cool oscillation of the Banish Middle 
Bed, being placed in the interval between R.M. 115 and R.M. 72, where the 
radiation.affords no explanation for the presence of the Banish Middle Bed. 
Furthermore, there are in the Herning series two separate phases with a 
climate decidedly warmer than the present, which would be difficult to 
explain by the course of the radiation curve between R.M. 115 and R.M. 72. 

(b) On the other hand, one might maintain that Warthe is the small 
minimum at 145,000 B.P. and that the Banish ffiddle Bed equals R.M. 115. 
But this is unlikely because of the great intensity of R.M. 115 compared 
with the slightness of the Banish Middle Bed phase of cool climate which 
did not even produce soiifluction. 

Conversely, Warthe, a large phase, would be correlated with a relatively 
insignificant minimum. 

(c) Thirdly, it is conceivable that Warthe equals R.M. 187, and that the 
Herning series is Last Interglacial, with the Banish Middle Bed representing 
the small R,M, 145. In this case, R.M. 115 or R.M. 72 would be unrepre- 
sented in the geological sequence (p. 52), presumably having produced an 
ice-sheet which was subsequently overridden. The view that the ice-sheet 
of R.M, 115 was overridden is held on other grounds by Grahmann, Bietrich 
and Knauer (for references, see pp. 39, 45). 

Provided the Banish view is right, some variant of this third view which 
links Warthe with R.M. 187 would seem the most probable. 

This raises the issue. Are the conclusions of the Banish geologists ines- 
capable ? As to their second point that no ice-sheet passed over the Herning 
deposits, it would be unbecoming for one who has not himself examined 
deposits to question the conclusions -of the Banish experts. But in 
theory it does not seem entirely inconceivable that the condition of the 
depositions be compatible with an ic^-sheet having passed over 
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As to their irst point, however,- that- .Warthe reached the west coast of 
Jutland, the evidence appears less conclnsive. The extreme boniidary of 
Warthe indeed looks as if receding eastwards north of the Elbe and merging 
apparently into the belt of yoimg end-moraines which forms the backbone 
of Jutland Peninsula.^ Among these moraines, Warthe might stIU be 
identified one day. If this conld be shown. to be true, the Heming series 
sections would Me outside the Warthe moraine, and their undisturbed 
character and the absence of a covering morain© would find a satisfactory 
explanation. But the morainic deposits --assigned to Warthe to the west 
of the Herning series sections, plainly could not be Warthe in this case. 

It is here that, in my opinion, further research is capable of settling the 
problem. Are the morainic deposits in -.question, on Sylt for instance, 
Warthe, or perhaps Saale ? Counts of erratics are responsible the 
present Danish view that Warthe did reach as far west as Syit, but this 
method of counting erratics is still in. the stage of controversy (p. 35). 
It is also conceivable that a retreat phase of Saale w^as characterized by 
erratics resembling those of the Warthe phase. It is not clear why successive 
glaciations should be distinguished in their erratics, but it is easy to under- 
stand that the composition of the erratic index ” depends on the ske of 
the ice-sheet, certain ice-streams being more prominent in a small ice-sheet 
than in a large one. 

If either of the two points of the Danish view proves to be erroneous, the 
most reasonable correlation of Warthe with the radiation curve would be 
that which, pending further evidence, has been adopted in this book, namely 
with R.M. 115. 

It is hardly necessary to add that this local problem of detailed geological 
correlation does not affect the validity of the astronomical theory as a whole. 

Can II.M, 25 BE THE Cause of trb Weichsel Phase ? — ^The conception 
that in every glaciation the second phase must have been larger than the 
first, owing to retardation giving a start to the second phase (p. 161), has led 
Grahmann (1928) and others to believe that Warthe equals RuM. 72 and 
Weichsel R.M. 25. The Pomeranian phase would be degraded to an unim- 
portant retreat phase not expressed in the radiation curve, Soergel (1937) 
has shown that this interpretation is highly improbable, one of his arguments 
being that the ice would not have had time to melt back to its present 
condition. 

Phases of the Penultimate Glaciation. — ^A question related to that 
of the Warthe phase in Jutland is that of the relative size of the two phases 
of the Penultimate Glaciation. According to Soergel, Grahmann and 
Toepfer, PGlg was larger than PGli, and represents the Saale Glaciation, 
the new radiation curve, however, shows R.M. 230 to, be so much larger 
than R.M. 187, that the suggestion made above in the discussion on the 
Jutland problem, alternative (c), that Saale equals R.M. 230 and Warthe 
R.M. 187, seems by no means impossible. This question could probably 
be settled in the area of periglacial river terraces. Toepfer (1933, p. 57) 
has put forward a number of arguments in favo'ur of Saale being R.M. 1S7. 

Minoe Cool Phases.— The minor, yet fairly conspicuous minima of 
summer radiation which interrupt the . mterglacials (B.M. 145 in Llgl ; 
R.M. 280, 305, 320, 360, 399 in PIgl) have been u.sed. repeatedly to explaio,. 
Interruptions observed in interglacial sections,... - . . 
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The claim that E.M. 145 caused an interruption of the Last Interglacial 
is comparatively sound, since it can be substantiated by the Banish Middle 
Bed, the oscillation separating the Main and Late Monastirian sea-levels 
(p. 251), tho Glacial Terrace 4 of Thuringia and perhaps some other evidence. 
For each one of these pieces of evidence, however, alternative interpreta- 
tions cannot entirely be ruled out. 

In the Penultimate Interglacial, too, geological evidence points to at 
least two phases with a comparatively cool climate, for instance at Canstatt 
{p. 72), and in the Glaeial Terrace 1 of Thuringia. But since the radiation 
curve affords five smaller, minima to choose from, it is hard to say which 
might be represented by the geological evidence in particular localities. 


i>. THE PLIO-PLEISTOCENE BOIMBARY AND THE MAJOR 
DIVISIONS OF THE PLEISTOCENE. 

The question of how to define the boundary between Pliocene and Pleisto- 
cene ha *3 occupied the minds of many geologists. It is impossible to discuss 
their views here, but it may not be out of place to investigate what contri- 
bution the absolute chronology can make towards the settlement of this 
practical problem. 

Plio-^eistoceke Boundary. — ^That the problem is one of practical 
delimitation and not one of finding a natural break which is applicable ail 
over the earth wiU be obvious to all who have gone into this matter. The 
tectonic processes of the Pleistocene are the continuation of those obtaining 
during the Pliocene. The pateontoiogical distinction by marine faunas is 
a conventional one, based on the percentage of Rtecent species in the deposits. 
That based on the appearance of certain terrestrial mammals, like Equus^ 
Elephas, Bos, w'orks w^ell in restricted areas only (Pilgrim, 1944). The 
climatological 'diKstiiietion between Pliocene and Pleistocene which identifies 
the latter with the Ice-age and counts it from the first glaciation onwards 
has been badly shaken by the discovery of pre-Giinzian glacial phases in the 
Alps and of corresponding cold aggradations in the perigiacial areas. 

One way out of the difiiculty seemed to be to move the boundary back 
into the past sufficiently to include all the pre-Giinzian cold phases, and also 
the traditional faunas like Perrier, Seneze, the earlier Crags. Eberl (1930) 
iiid so when he included the Donau phases (p, 43) in the Pleistocene, 
drawing the boundary at 800,000 years ago. In doing so he accepted a 
somewhat arbitrary radiation date, leaving two intense summer minima 
at 835 and 930,000 inside the Pliocene. 

In earlier papers (Zeuner, 1935 ; 1938a, p. 54) I, too, advocated a shift 
of the boundary into the more distant past, suggesting the round figure of 
one million years B.P. as suitable. But I have since come to the conclusion 
that the advantages of such a procedure are outweighed by the practical 
difficulties it woffid cause in stratigraphical work. This boundary would 
include all the faunas of the transitional type, and ail the known major 
summer minima of radiation, in the Pleistocene, but it would compel us 
to regard the Villafranchian and the Calabrian, Le. the Upper Pliocene of 
'Current stratigraphy, as Pleistocene. This would cause considerable trouble 
with respect to the divisions of the Pliocene. Moreover, since we know 
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nothing about cold phases before one million B.P., this line of demarcation 
would be as artifioial as any.. ' 

If, however, we cannot avoid adopting an artificial delimitation, it is 
best to choose one which necessitates the least number of changes in the 
conventional system of stratigraphy, and to define it by a feature which Is 
not local, such as a radiation date. Prom the climatological standpoint it Is 
possible to argue that, after all, the Early Glaciation of Europe is the first 
that left comparatively widespread evidence, and that the glacial .succession 
of the great North American area also suggests that the first major giaciation 
there was roughly contemporary with Alpine Giinz (p. 51). That these 
should be included in the Pleistocene is obvious, and all attempts to draw 
the boundary after the Early Glaciation or even the Antepenultimate 
Glaciation (Gams, 19B5, for instance, adversely discussed by Girmounsky, 
1932) are thus ruled otit. I am how inclined to think that if one accepts" a 
demarcation line just previous to the Early Glaciation, i.e. the radiation 
date of 600,000 B.P., the stratigraphical upheaval would indeed be small. 

In Europe, the Early Glaciation, the Red Crag, the St. Prest fauna (Pilgrim, 
1944), the Mlazzian sea-level (and part or the whole of the Sicilian ?) would 
be included in the Pleistocene, whilst the ViilafrancMan ( Val d'Arno, Perrier) 
and the Calabrian would continue to form the upper Pliocene, as defined by 
Gignoux (1936, p. 584). Quite recently, a most valuable paper by the late 
Dr. Guy Pilgrim has appeared (1944), which treats of the lower limit of the 
Pleistocene in Europe and Asia. The boundary just outlined is proposed 
by Pilgrim on paiasontological and geological grounds, and the faunal 
implications are discussed with such skill that I cannot but refer to his 
work for further information on this point. 

As far as Europe is concerned, the only major uncertainty remaining is 
that of the position of the Sicilian. Since this question implies some 
familiarity with the Pleistocene sea-levels, it will be discussed in Chapter IX 
(p. 251). 

SuBDivisiOHS or THE PLEISTOCENE. — ^If then this boundary is tentatively 
adopted, the Pleistocene can be subdivided very conveniently into three 
stages of about equal duration (200,000 years each) which are well marked 
pala^ontologically and delimited by climatic phases which, at any rate in 
Europe, are comparatively easy to identify (Zouner, 1935, p. 372} : 

Upper Pleistocene. — Back to about 180,000 B.P. ; Last Glaciation and 
Last Interglacial. Elephas primigmim, late E. aMiquus, Dama dama, 
Dicerorhinus merckii, Tichorhinus ardiquitatis^ Homo neanderthaleTisis, H. 
sapiens. 

Middle - Pleistocene. — ^Aboiit 180,000 to 425,000 B.P. ; Penultimate 
Giaciation and Penultimate Interglacial. Ehphas trogontherii^ E* antiqwm^ 
Dama clactonianus^ Dicerorhinm merckii, Homo c£ sapiens. 

Lower Pleistocene. — ^About 425,000 to 600,000 B.P. ; Antepenultimate 
Glaciation, Antepenultimate Interglacial and Early Glaciation. Ehphm 
meridionalis, primitive E. trogontherii and E. antiquus, Dicerorhinm elrusms^ 
Dama savini, Machairodus, Homo (Pithecanthropus) erectus and pehinemiSf 
H. heidelbergensis, H. (Eoanihropm) dawsoni. 

This definition and these divisions of the Pleistocene are used in this , 
book. The faunal characteristics may be gathered in greater detail from 
the last chapter (p. 258). 
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CLBIATIG PHASES OF THE UPPEE PLEISTOCENE IN 
THE COUNTEIES ABOUND THE 
MEDITEERANEAN SEA 

Though theoretically possible, the extension of the absolute chronology 
to zones other than the northern temperate zone encounters many difficulties. 
Differences in climate, absence of moramie evidence, relative scarcity of 
observations and, particularly, of sections studied in detail make any 
attempt at applying the astronomical method of dating to other climatic 
zones appear rather premature. It is not too early, however, to explore 
the territory even at the present stage of knowledge. Thus chapter, therefore, 
is of a somewhat preliminary character. It is confined to the Upper Pleisto- 
cene of the Mediterranean region, which is better known than that of other 
extra-temperate regions. 

A. PLEISTOCENE DEKISITS IN THE MEDITERRANEAN AREA. 

CuMATic Inteephetatioh OX Cavx Deposits ik the Mbditerbaneah 
Region. — ^In the Mediterranean area, geological sections providing evidence 
for Pleistocene climatic fluctuations, and especially those containing imple- 
ments or remains of early man, are often preserved in caves. Up to W 
present the climatic significance of cave sediments has been studied but little. 
Conclusions bearing on climatic changes and based on cave sections, there- 
fore, rely usually on palmontological evidence. 

Some kinds of sediments found in the Mediterranean caves, however, 
afford valuable additional information, and enable one in some cases to 
interpret sections without the aid of fossils. 

The Mediterranean caves in question are mostly situated very close to 
the sea. Apart from less important deposits, they often contain one or 
several of the foEowing sediments ; (1) travertine layers, usually caEed 
stalagmites,, or stalagmitio horizons, (2) various cam-earths of a more or less 
loamy nature, (3) coarser or finer rock-waste, or debris, often consoHdated 
in the form of breccias, (4) transitions and combinations of these types, and 
(5) marine deposits. 

Stalagmites. — For the formation of layers of calcium carbonate (traver- 
tines or stalagmites) a cave must be wet. In many caves horizons of stalag- 
mite are found buried beneath other deposits, but no stalagmite is formed 
at tte present day, dry and dusty cave-earth forming the surface. It is 
probable that in such caves the present-day conditions are too dry for the 
formation of stalagmites. , j 
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If fossil stalagmitic horizons are found in such cavesBnd if one can pro¥e 
that no great changes in the form of the cave have taken place, one is justified 
in concluding that at certain periods of the past the climate was moister 
than to-day. This applies, in particular, to the Grotte de FObservatoire in 
Monaco, to several of the Grimaldi caves near Mentone, and to the Grotta 
Bomaneili in Apulia. 

There are, however, in the Mediterranean region caves which, even now, 
are moist enough for stalagmites to be formed. An example is the Grotta 
delie Capre in the Monte Circeo (Blanc, 1937c), in which the surface is formed 
by a layer of stalagmite containing Roman sherds. 

Cavb-Eabth. — In most caves the surface-deposit is a loose cave-earth. 
The formation of this material does not appear to be taking place at present, 
since Upper Palaeolithic implements are occasionally found in its top layers. 
This suggests that, under the present-day climatic conditions, nothing at 
all, or only a small amount of cave-earth, is deposited in caves of this kind. 



Fia. 57. — ^Mechanical analyses of Terra Rossa and basal bed of Terra Bruna from 
the Grotta Romanelii, Apulia. For signs, see Fig. 26. 


The origin of the cave-earth varies. There are, for instance, layers 
which consist more or less exclusively of bat-guano and other organic 
detritus. Whilst in the temperate regions of Europe such layers indicate 
a mild climate rather than a cold one, they are of little climatic import in 
the Mediterranean. Inorganic cave-earths, on the other hand, contain 
always a fair amount of colloidal matter, ix, they are loamy. This suggests 
that their material is, at least partially, the product of chemical weathering. 
Since the shape of most caves has suffered comparatively little alteration 
since they were carved out by the sea, and since the -deposits of cave-earth 
are often too thick to be the result of local weathering inside the cave, the 
material composing the cave-earths is likely to have come from outside the 
caves, where plenty of weathering-loam is available in surface-soils of brown- 
earth or red-earth types. Transport into the caves was effected either by 
water or by wind, as indicated by the structure of some of the Mediterranean 
cave-earths. 

As to the eolian origin of certain cave-earths, an instructive example is 
provided by the Grotta Bomaneili in Apulia. Its layers of Terra Bossa 
and Terra Bruna ” contain abundant grains of a fine sand with all the 
characteristics of a wind-blown sand (G. A. Blanc, 1921); Blanc concluded 
that the climate during the deposition of these layers must have been dry 
and desert-like. The latter term is, perhaps, too extreme, since sand and 
dust are carried by wind in areas which are far frPm being deserts, though 
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always open and practically devoid of forests. Mechanical analysis of the 
cave-earths of the Grotta Romanelli (Fig. 57) shows that the sand grade 
consists ehieiiy of wind-hiovm sand as described by 6. A. BiaiiCj but the 
grading of the material as a whole is not that of a wind-blown dust, or loess. 
The reason for this is to be found in its derivation from superficial weathering- 
loams, the particles of which are disintegrated in the process of analysis. 
Moreover, the very loose texture of the Romanelli and other cave-earths 
renders an eolian mode of deposition extremely probable. Had they been 
laid down under water, they would have formed a dense loam. Such 
denser deposits are, in fact, Jmown also. 

Bheccias. — T he term breccia ” is here used in the widest sense, 
including unconsolidated deposits of angular rock-waste. Breccias are 
striking formations in some of the caves. They are often found in well- . 
defin^ layers, and consist almost exclusively of angular pieces of rock 
identical with the rock in which the cave is situated. Since no or nearly 
no wear is observed on the pieces, transport must have been almost negligible. 

It is probable, therefore, that these breccias consist of material detached 
from the roof and the walls of the cave. 

The climatic conditions under which thepe breccias were formed must 
have differed from those of the present day, since no breccias are now being 
formed. They must have differed also from the conditions responsible 
for the formation of pure stalagmites and well-streiti&ed cave-earths, since 
such deposits are free from breccious components. Yet some breccias are 
consolidated by calcareous sinter in a manner which can hardly be explained 
by kfef iniSIiration. . 

More frequently, breccias are embedded in loose cave-earth of possibly 
eolian origin, where single detached blocks or smaller pieces are also often 
encomtered. G. A. Blanc (1921, 1930), therefore, holds the view that 
angular rock-waste, as typically represented in the Grotta Romanelli in 
Apulia, was formed by the mechanical thermoclastic ’’) action of frost. 
TMs is, indeed, the only suggestion which is well corroborated by palaeon- 
tological and geological evidence. Where, in the '‘terra bruna of the 
Grotta ^manelli, 2?ock-waste becomes frequent, the fauna turns cold (Alca 
tmpenmSj for instance). In the Grotte du Prince, the fauna presents a cold 
character (reindeer) where the large blocks appear, and similar conditions 
may be obprved in the Grotte de rObservatoire. 

There is, however, a much rarer type of breccious deposit, which is 
produ^d by the sea destroying the faces of cliffs. Such breccias are some- 
times found resting on, or interstratified with, beds of beach pebbles. 

The question of the consolidation of breccias, either more or less simul- 
taneously With their formation, or subsequently, is as difficult to settle 
as It IS important. ^ Both eases certainly 'occur, and they require different,,,.'. : 

arrived at by an investigation of the respective 

. problem is presented by the screes of consolidated breccia 

which oton cover the slopes. Since they sometimes extend to below sea- 
evei ana oiten appear to have done so previous to the cutting of cliffs by 
the present sea-level they are likely to have been formed in phases of low 
Ihis would imply contemporaneity with glacial phases and, 
therefore, a cool fauna. It would be necessary, and worth while, to evolve 
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a teclmiqiie of recoTering faunal remains in s, tolerable state of preservation 
from these breccias. 

Mariiie Cave Deposits. — ^Finally,:: .marine pebble-gravels and ‘sands 
have to be mentioned as occurring in .Mediterranean caves, Petrologically 
and palseontologically they are easy, to recognize. 'More will have ‘to be 
said about this kind of deposit in connection with ancient sea-levels (Chapter 
IX). In the Mediterranean, their fauna is;,; as a rule,. of a warm character , 
and they usually are found at the base of .the 'series of cave deposits. 

MEBITBBE.ANEA3?' Cav.i DEPOSITS I ; Sijmi^iaby. — ^A lthough the climatic 
interpretation of cave sediments is by no means always conclusive, it is 
often true that — ■ . 

(а) Loose, uiistratified cave-earths indicate wind-action (arid 
climate), 

(б) loose. rock- waste or breccias indicate therm oelastic weathering, 
mostly in a frost- climate ; 

(c) well-stratified cave-earths indicate the presence of running 
water ; ' 

((i) stalagmitic floors indicate humid conditions ; 

(e) absence of deposits indicates a climate like that of the present 
Mediterranean. 

In considering these rough-and-ready rules it must be kept in mind that 
the shape of the cave influences the deposits. Some open caves are always 
'' dry/’ some long and deep caves always '' wet ” ; only the intermediate 
type is sensitive to climatic fluctuations. Fortunately a great number of 
tins intermediate type exist. 

B. IMPORTANT UPPER PLEISTOCENE SECTIONS OF THE 
RIVIERA AND ITALY. 

In the following paragraphs a few well -investigated sections of the 
Mediterranean region will be discussed in some deta.il, with a view to dis- 
cerning climatic fluctuations which occurred during the upper Pleistocene. 
The fluctuations of the sea-level will here foe mentioned in passing only, 
since they are the subject of Chapter IX. The arrangement of the localities 
is roughly geographical, beginning with the Italo-French Riviera, going 
south to South Italy, thence to Palestine, and finally to Spain. 

Geotte de l’Obsebvatoire, Monaco. — ^The Grotte d© FObservatoiro 
at Monaco (Boule, 1927 ; Verneau, 1933} is not a sea-cave. It is of great 
archaeological interest and mentioned here because, with its four stalagmitic 
levels, it suggests four humid phases. They are separated by cave-earths, 
and* covered by an uppermost cave-earth with a reindeer-fauna. At least 
the last humid phase of this cave, therefore, was followed by a dry-cold 
phase, , . 

Gbimalbi Caves. — ^The famous caves of Grimaldi lie on the Itaio-Frenoh 
Riviera, near Mentone, only eight' mfies east 'of Monaco., They are,. quite 
close to the sea? at. a locality .known- as -'red roefes/’ Rocheirs Rouges- in 
French, Baouss4-Eouss6 in Provencal, Balzi Rossi in Italian. . - ^ ^ s • 

r ’ Excavations were carried out by Riviere aS' early- as T 874. ■ He dug in 
the uppermost beds only, but bis discovery of human skeletons made the 
caves famous. . The most. important. excavations^wer© carried out early in 
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Fia. 5B, — Section of the Grotte du Prince, Mentone. Based on Bouie (1906, p. 
254). A to B, occupation levels. Vertical hatching, stalagmitic horizons. 


dry during the latter part of the Last Interglacial (Late Monastirian 7-5 m. 

sea-level). 

The beach-deposits are still accessible in the cave called Barma Grande, 
where they were exposed by the excavations of the Istituto di Paleontologia 
Umana (Grazdori 1937). They consist of rounded pebbles, many of them 
very coarse, mixed with smaller ones and with sand, and rich in marine 
shells. Among these, the gastropod, Sbrombm bvbmius, is remarkable for 
its absence from the present Ifoditerranean ; it is now restricted to the 
tropical coast of Senegal. Its presence in the Monastirian sea may be taken 
as a s%n of warm conditions (see also p. 232). 

Gbotte du EsniOB; — ^In the Grotte du Prince, as well as in the Barma 
Grande, the StrombnaA^ch. deposits are covered by a sterile layer of sandy 
OH whicii rests iiHmediately the first PalasoMthio horizon (B of Grotte 
du Frmce, Eig. 58), VMch has yielded Sippopotamm, Elephas antiqum and 
pt^ormnus mercMi, Erom this bed upwards, a detrital cone was developed 
m the entrance of the Grotte du Prince, consisting of debris falling down the 


the present century by Prince Albert I of Monaco. The results were 
described In an imposing monograph by Eoule, Cartailhac, Verneau and 
de Vileneuve (1019), In recent years the Italian Istituto di Paleontologia 
Umana has taken up this work again and obtained results which have not 
yet been published in detail (Graziosi, 1937} but promise to be most impor- 
tant. 

The Grimaldi caves, which all lie within a few yards of each other, were 
carved out by the sea during the high-level phase of the Monastirian, which 
is the equivalent of the Last Interglacial of northern Europe (see p. 249). 
The well-known: beach deposits with Simmhm bubonius of this phase were 
found in the Grotte du Prince at about 9~ii m. above sea-level, and a seam 
of bore-holes of the bivalve shell Lithodomm at 22*70 m. indicates the height 
of the sea-level when the cave was hollowed out. This height is that of the 
mrly or Main Monastirian sea, so that this cave at least must have been 
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vertical wall * into wMch tlie cave is cut, TMs cone, and the cave-floor 
beMnd it^ contaio. a number of occupation levels with Ehphus aniiqum and 
Dicerorhinus merckiis accompanied by a few specimens of ibex. Hippo- 
potamus is no longer found, and the appearance of the ibex instead may be 
interpreted as indicating that the climate had become slightly cooler than it 
was during the beginning of the marine regression. The remaining fauna 
strongly suggests that this change was very slight indeed and that the 
climate was by no means cold. 

A marked, deterioration of the climate, however, is apparent in the top 
layers of the cone, where very large blocks occur. The Palaeolithic layers 
are no longer on the cone, hut in a protected position behind it (Foyer b}. 
The fauna now includes reindeer, numerous ibex, and the marmot. In the 
uppermost Paleolithic horizon (a), finally, ibex and Eleplms {? primigenius) 
are found. 

Whilst there is no clear geological evidence for a climatic change, because 
of the detrital origin of the entire cone and the almost permanent presence 
of dripping water which partly consolidated the beds, the palseontological 
evidence Just outlined shows convincingly that the warm Monastman sea 
receded, to be followed by a temperate period which, in turn, was replaced 
by a distinctly cold phase. 

The absence of later deposits' in the Grotte du Prince is due to the fact 
that this cave was filled with debris during the cold phase indicated in the 
top layers of the cone. 

Othee Imboetaht Deposits at Geimaldi. — ^The succession is continued 
in the neighbouring Grotte des Enfants (Grotta dei FanciuUi), named after 
the skeletons of two children of Homo sapiens found by Riviere. TMs 
excavator stopped at a hard layer which he believed to be the floor of the 
cave, but recent excavations (Graziosi, 1937) proved this to be a stalagmite 
beneath which the section continued. 

Graziosi says that the fauna below this stalagmite was cold. It can be 
correlated with the top of the section of the Grotte du Prince. Above the 
stalagmite the fauna is mild again {D. merckii, teste Obermaier, 1937a). 
Higher horizons contain wild boar, red deer, roe deer, wolf and hyena ; the 
only species which might, though need not, point to cooler conditions 
being Urs^is spelceus, Capra ibex and horse. In the top portion of the 
section the fauna is distinctly colder, however, since ibex and reindeer 
become frequent. 

Two cold phases are thus suggested. 

Since it is known from the Grotte du Prince that this whole succession 
is later than the ;S/rom6'M.5-heach of the Last Interglacial, the two cold phases 
of the Grimaldi caves appear to be the equivalents of the two major phases 
of the Last Glaciation of northern Europe. 

Furthermore, the combined succession of the Grotte du Prince and the 
Grotte des Enfants suggests the correlation of the two upper stalagmites 
of the Grotte de FObservatoire with the two major phases of the Last 
Glaciation. The difference in the kind of deposits formed at Grimaldi and 
Monaco respectively may be due to the difference in the character of the 

The cone was removed during the excavation, but a new one has since begun to 
form. This time, it is made up of detritus from a hotel on top of the cliff, so that this 
important site is being deplorably contaminated^ 
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caves. Yet, tlie uppermost cave-earth in the Grotte de FObservatoire with 
its component of large Mocks . is much like the corresponding deposits in 
■ the Grimaldi c«wes, so that the Grotte de FObservatoire appears to suggest 
that at least the second phase of the Last' Glaciation produced first a humid 
staiagmite and then a drier, oold-temperate, cave-earth. It will be seen 
later on that this faint suggestion can be. substantiated elsewhere and 
assumes considerable climatic importance. 

Ripabo Moghi. — ^Against the correlation of the two humid phases 
observed in the caves with the first and second phases of the Last Glaciation 
the objection may 'be raised that they could equally well represent the second 
and tlmd. A set of new sections, discovered by A. C. Blanc in 1938 (Blanc, 
1938), however, disproves this alternative. 

The new site is situated about halfway between the Grotte des Enfants 
and the Grotte du Prince, more precisely between two smaller caves called 
Grotte de Blorestan and Grotte du Cavfilon. It is merely a shelter, not a 
cave, and the deposits are cut by the railway line which runs parallel to the 
rock-wail. The locality was named ‘‘ Riparo Mochi ” by Blanc. 

The deposits of the .Riparo Mochi are the youngest preserved at Grimaldi. 
They consist mostly of loose debris, but are interrupted by a limestone 
breccia cemented by stalagmites in certain places. This may be taken as 
m indication of a somewhat damper phase which intervened in the forma- 
tion of the loose debris. Since humid phases, in the Mediterranean, signify 
cooler summers, it is not impossible that this stalagmite of the Riparo 
Mochi dat^ from a third and apparently last cool phase. 

RmiBA Caves : Summaby. — ^T he climatic succession of the Riviera 
caves thus appears to have been somewhat as follows : 

Loose debris of Riparo Mochi. 

Staiagmite of Riparo Mochi . . . . ? LGI3. 

Loose debris of Riparo Mochi. , 

Top strata of Grotte des Enfants (cold fauna) . ? LGI2. 

Main <teposit of Grotte des Enfants (mild fauna) . interstadial. 

Deposit below stalagmitic floor of Grotte des Enfants 

(cold fauna) == top of cone, Grotte du Prince . LGIi . 

Lower part of cone, Grotte du Prince (mild fauna) . late LIgL 

Monastirian sea, Grotte du Prince . . . LIgL 

A correlation, purely tentative for the moment, is added. It suggests 
that two phases of the Last Glaciation are rej^resented by cold faunas. The 
ti^ phase is possibly indicated by the stalagmite in the Riparo Mochi. It 
will be seen that this sequence can be substantiated and further elaborated 
m other parts of the Mediterranean. For the time being' it may seiwe as a 
guide on our way to a bettOT-established succession. 

I^wiB Vbesiiaa. — ^The Lower -Yersilia is a coastal plain lying at the foot 
of the part of the Appennines called the Apuan Alps, on the east side of 
northern Italy between La Spem- and Leghorn. It is about 60 km. long 
and, in its most important part between Viareggio and Pisa, 8 km. wide. 
There is a very flat sandy beach-ridge runniog along the coast, and behind 
it peaty marshes which are replacing a lagoon of which only a lake remains, 
t^>ago d.i Massaciuccoii (diameter about 2*5 km.). At this lake sand is' 
extracted on a large pale by pumping and dredging from below water-level, 
and the stratigraphicai evidence provided by these activities, combined 
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with the results of a number of borings for freshwater, ha¥e enabled A. C. 
Blanc to compile a most remarkable series of deposits (Blanc, 1935a, 1936a, 
5, 1937a, 6). The peats and macroscopical plant-remains were studied 
by Tongiorgi (1936, 1937), and by Marchetti and Tongiorgi (1937). Down 
to about 26 m. below sea-level, the evidence is mainly provided by the 
sand-extraction plant at the Lago di Massacmccoii ; thence down to 95 m. 
below sea-level by borings only. 

The succession of the strata, beginning with the earliest, is as follows 
(Fig. 59) : 

A. At the lowest levels, at and below — 90 m.., a marine sand occurs, 
corresponding to a sea-level of about 90 to 100 ni. lower than the present. 
Its fauna contains only species still living to-daj^; No list of species has 
yet been published. 



Fig. 59. — Development of the coastal plain of the Lower Versilia according to A. C. 

Blanc (1935). For stages compare text. 

1. Stage A. 2, Stage B. 3. Stage C. 4. Stage D (regression of sea 
not clearly shown). 5. Stage E. 6. Stages F and G (regression not clearly 
shown), s. Lago di Massaciuccoli, t. Feat marsh. n. Coastal dune. 

M. Sea. 

B. From about — 90 to • 76 m., sands with terrestrial and freshwater 
moliusca occur. No list of the fauna has been published. 

c. From — 76 to— 61 m. a second marine series contains seeds of the 
vine (Vitis vinifera L.), which indicate that at that time the climate was 
mild. Since this complex is found ail over the area, the marine trans- 
gression appears to have reached to the foot of the mountains. 

n. This period was followed by one of temporary regression of the sea. 
Peaty sands and layers of peat, encountered at depths from — 68 to — 30 
m., were formed behind a seaward belt of sand which prevented the sea 
water from entering the lacustrine region. The conditions then were 
essentially similar to those prevailing to-day. It is, of course, impossible 
to estimate the amount of the recession of the sea, whether it was merely a 
temporary halt or very slight oscillation (this is Blanc’s view), or whether 
it was a substantial regression, though in intensity and duration less con* 
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siderable than that of phase a. The clays and peats of phase d (called the 
lower |>eat ”) testify to a cool climate, which becomes more marked as one 
proceeds from the .bottom to the top. In the lowest horizons, oak forest 
still dominates according to Marchetti and Tongiorgi ; in the middle 
horizons oak Is replaced by fir (Abies) and pine In about equal proportion. 
This signifies a cool but fairly humid climate. In the upper horizons 
90 per cent, of the pollen belongs to Pinus mugo (== montana) and Pinus 
silvesiris ; there is no doubt that the climate had by this time become 
cool and continentaL , This cold phase, therefore, began with a humid 
climate and ended, with. a 'Continental one, a change which finds a parallel 
In the Grimaldlan ' cave-earih, with evidence of a frost climate, preceded by 
a humid stalagmite. The significance of this combination ■will be discussed 
later on. ■ ■ • . ■ ■ . . 

E. The lower peat complex is covered by another series of marine 
sands, extending from - 30 to about -- 12 m. and marking the resumption 
of the transgression of the sea. The fauna contained includes only species 
which still live in the Mediterranean. The shells of Pectunculus and Spon- 
dylm are large, and one Bpeeimi Purpura haemastoma, is now restricted to 
the coast of Algeria. It is evident from the faunal evidence that the sea 
of this transgressive phase was decidedly warm. This conclusion is again 
supported by the presence of seeds of Vitis vinifera. 

Another interesting component of the marine Purpura-heds are roiled 
^bbles of compressed peat. They are often perforated by Pkolas^holes, 
PoUen analysis proved their identity with the top layers of the lower peat, b. 
Wood of Pinus, Picea and Betula was found in them and pollen of Pinus 
(mtigo d- silvesiris) domina'fced. The fossiiization and compression of the 
peat must have taken place before the pieces were incorporated in the 
marine deposits and before they were bored by the phoiads, whose holes 
are perfectly uncompressed. 

^ These P^^rp^ra-sands are the chief object of the large sand-extraction 
industry established at the Lago di Massaciuccoli* 

X. The marine Purpura^^sands are covered by sands of a terrestrial 
character, varying in thickness from 5 to about 12 m. (le, from about 
- 15 to -- 12 m. up to - 7 m. and in places up to present sea-level). They 
contain I’nnd-worn pebbles, and when the extraction pipes of the pumping 
braacheslie at the level of - 12 to - 14 m., they suck up Palaeolithic 
unplements in fan-ly large numbers. Relying on signs of wind-action on 
some ot the implements, Blanc suggests that they come from an eolian 
pebble horizon at a depth of about -7 m. 

.- 1 , ^ thiokest near the coast, and 

the ^pression thus formed is filled with. peat. tJndfirlying this peat {h 
laeusfr^ clays are found locally, notably near the south-^t side 
f - 1 r » Ma^oiuwli, restii^ directly on Furpura-sands at an average 

K5 about -6 m. (Tongiorgi, 1936). Their pollen-contents, examined 

and he concludes that the elmate was “ cold and moderately oceanic.” 

•„ relation of these lacustrine clays to' the sands of f 

extracted by the pumps simultaneously 
*’• P- «38) appears to regard the 

tOKMiataein , 4 >f F as m part contemporaneous with the deposition of the 
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lacustrine clay, g. Since the clay is not found below -7 m., whilst the 
sand reaches down to — 12 to — 15 m., at least a portion of the sands, r, 
is likely to antedate the formation of a. It will be necessary to return to 
this.point later : on. ^ ' 

H. The lacustrine clay is covered by peat, from — T m. up to -j- 1 sn. 
In many places the peat is thinner than this. At the west side of the Lago 
di Massaciuccoli, for instance, there is only about 1 m. of peat. Pollen- 
analysis and macroscopical study of the flora and fauna prove that this 
peat was formed under climatic conditions resembling those of the present 
day, and the formation of this peat would still continue if artiflciai drainage 
had not interfered with it. 

Interpbetatiok of the Versilia Section. — The section of the Lower 
Yersilia is important for its evidence of climatic oscillations and of eustatic 
fluctuations of the sea-level. 

Its chronological frame is given by the upper peat, h, -which hoks it with 
the present, and by the marine fauna of the lowest deposit, a, which, accord- 
ing to Blanc, contains no typically Tyrrhenian species (see p. 232) but only 
Recent ones and, therefore, must be later than all the phases of the Mediter- 
ranean sea containing the Tyrrhenian fauna, namely, the Tyrrhenian sensu 
stricto, plus the Main and Late Monastirian high-sea-level phases. 

Furthermore, since the marine phase a, at 90 or more metres below the 
present sea-level, was followed by a terrestrial phase, b, a represents the 
deposit of the lowest observable stage in the recession of the sea, and b 
was deposited as the water receded from a. The sea-level at that time 
must have been lower than — 90 m. Since this regression post-dates the 
Monastirian beaches of the Last Interglacial (see p. 249), it has with good 
reason been regarded by Blanc and others as the result of the eustatic 
withdrawal of water from the oceans during the Last Glaciation. 

It is necessary to assume, therefore, that the beds a + b correspond to 
a glacial phase of the Last Glaciation. Since the later deposits of the 
Versilia series contain evidence of two other cold phases (beds n and g), 
the tripartition of the Last Glaciation, so evident in temperate Europe, 
and vaguely suggested by the Grimaldi caves, appears to be confirmed for 
the Mediterranean zone by the Versilia section. 

Even the relative intensity of the two later phases is the same in both 
areas, the third being less intense than the second ; and if Blanc’s view, 
that the low sea-level of phase a + b was never reached again, can be sub- 
stantiated (and there is no reason against it), the greatest amount of water 
would have been withdrawn from the ocean during the first of the three 
cold phases. In other words, this would correspond to the first phase of 
the Last Glaciation, which is held to have been the largest. 

This correlation of the three cold phases of the Versflia may be accepted 
as probably correct in its outline. We shall see later on to what ex-tent a 
chronological displacement exists between the humid, or pluvial, phases of 
the Mediterranean and the glacial phases of temperate Europe (p. 203), but 
for the present this question may be postponed. 

An interesting problem is that of the heights attained by the sea-level 
during the six climatic phases which can be distinguished. Of these, only 
the first (more than 90 m.) and the last (modern sea-level) are loio-wn 
to us so far. The whole series cannot, however, represent one continuous 
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trauBgressioa since, although it extended twice to the foot of the mountains 
(phases c and z), it was driven. back twice at least tOv the edge of the, coastal 
plain (phases d and f). Whilst ' Blanc regards these latter phases , as minoi^ 
osciJlations, slight recessions or halts, there seems to me, no clear .cadence, 
for their slightness. On both occasions the seadevel can,' have dropped, 
considerably vithont affecting the character of the preserved deposits. 
One thus finds that during phase c the sea-level reached at least ~ 60 m. 
and was possibly much higher, and during phase e at least — 12 m. and 
possibly more, whilst during phase n it dropped to below — 60 m. anci 
during phase F to telow, possibly -mueli below, — 12 m. The figures derived 
from the deposits thus give- no, more than mirdmunir ysIvbs for the oscilla- 
tions of the sea-leveL ' - ^ 

Vbbsilia Succession : Summaby. — In -view- of the. general importance 
of the Versiiia section, the secpience of events may now be summarized : 

A. The sea-level at — 90 m., receding still further, leaves behind deposits 
with shells on the submarine platform. 

B. As (a) proceeds, terrestrial and freshwater deposits spread over the 
exposed marine deposits. First phase of the Last Glaciation. 

c. The sea rises again, overwhelms the terrestrial deposits of (b) and 
extends to the foot of the mountains. Maximum sea-level of this phase at 
least — 60 m., possibly higher. Climate mild. Interstadial LGh/LGla. 

During the later part of this phase the rate of rise of the sea-level appears 
to have slowed down, and a beach-ridge with peaty marsh behind it developed 
(early part of n). 

D. The conditions just described continue, but the sea-level begins once 
more to drop, the clhnate becomes first" cool and humid, later cold and 
continental. Sea-level drops by an unknown amount, ^cond phase of 
the Last Glaciation. 

E. The sea-level rises again, at least up to — 12 m. and transgresses the 
beach-ridge and peat of d, destroying a portion of the earlier deposits and 
eventually reaching the foot of the mountams. Climate again mild. Inter- 
stadial LGIJLGI,. 

F. A new rec^sion begins, and as the sea retreats, exposing the surface 
of the deposits (b), terrestrial sands are laid down, probably in the shape 
of beach-ridges and dunes. 

o. Behind the deposits of (f) freshwater is ponded up while the climate 
turns cool and humid and the sea-level is low. Third phase of the Last 
Glaciation. 

M. The sea-level rises again, finally to gain its present height. New 
beach deposits and dunes are added to, and mixed with, those of (f), pro- 
ducing the flat, sandy ridge which at the present 'prevents the sea from 
floodii% the marshes lying behind the ridge. Peat is formed in the marshes 

the climate resembles that of to-day. 

' TffiiPoOTiNB Mabshbs. — T he Pontine Marshes, a district about 50 km. 
south of Rome, is by virtue of its associations with Roman history generally 
known. It is however less known that this district has become one of the 
most important areas for Pleistocene research in Italy, in consequence of 
extensive drainage operations carried out in recent years. Again we owe 
to A, C. Blanc a survey of the available sections (Blanc, 19356, 1936a, c, 
1937d). 
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Unlike tlie succession of the Lower Versilia, that of the Pontine Marshes 
Is confined to a few metres, above and below the present sea-levek yet in 
total it represents a much longer period, and the transgressive deposits of 
the Lower Verstlia are here replaced by dune sands. 

The earliest deposits are known from near Anzio, north-west of the 
Pontine Marshes (Fig. 60), where volcanic strata emanating from the 
¥olcaiio Laziale interfere with the , Pleistocene succession. Here, deposits 
of the Placentian and Calabrian (upper Pliocene) occur. A regression of the 
sea was succeeded by the Sicilian transgression. Deposits with a Sicilian 
fauna are found near .ITettuno, not far from Anzio. Yoicanic activities 
subsequently interfered and modified topograph}’ and hydrography of the 
district (formation of the Yolcano Laziale). Volcanic tufas containing a 
Mediterranean flora separate the Sicilian from younger marine deposits 
with /Sfromhtea 

The 'go^i-StTornihus sediments, corresponding to the succession of the 
Versilia, were well exposed along the Canale Mussolini at the north-western 
margin of the Pontine Marshes. The section observed at the brigHa II 
(second weir) of the Canale Mussolini is the most complete (Fig. 61). It 
may be summarized as follows, beginning with the latest deposit. 

— . Surface soil. 

A. Reddish sands, predominantly eoiian. 

B. Yellow sands. . , 

— ^Unconformity. — 

Cj. Greyish-green sands with a well-defined horizon of calcareous crusts 
and concretions on top. The sands contain numerous concretions which 
often have broken the bones of fossils. Ulephds pTiMigeTiius, Eguus hyAtun-^ 
tinus. These sands are regarded as formed under cold and arid conditions. 

Cg. Reddened sand, cross-bedded, with Elephas primigenius supposed to 
come from this deposit. 

B. Grey sands, sometimes argillaceous, with plant remains. Abies alba 
abundant, indicating cool but humid conditions. Elephas pTiMioenius 
— Unconformity.— 

E, peaty sands. At the base vine-oak-hornbeam association, 

into "'^hmh ^3,nd yew immigrate in the higher horizons, indicating a 
cnange from Mediterranean climate to a humid and temperate climate. 

E. Beach sands with Strombus bubonivs^femid, sometimes loose, some- 
cement^, ^aching up to 10 m. above the present sea-level (Blanc, 
W47a, p. bJi). Elephas primigenius found. , Climate warm. These sands 
r«t on— ^ , , ■ >1 ^ ; 

o. Volcanic tufas, which are perforate % and contain 

plants, ' ' 

H. Marine Sicilian deposits. 

If one attempts to ccarelate this section with others of the Mediterranean 
ai»a, on© can chob^ the Strombus deposits as the starting-point, since thev 
do not occur above + 10 nr. and therefore are probably of late Monastirian 
(late i^t Interglacial) age. The peaty complex resting on the Strombus 
deposits show^ a gradual change from a Mediterranean to a cool and 
^amc climate is therefore likely to represent the beginning of the Last 
brlacxation. A. C. Blanc considers these deposits as older than the peats of 
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the Yersilia succession, and as equivalents of the post-Monastirian. regression 
vhich euiminated in the first phase of the Last Glaciation. 

Above (e), however, the interpretation of this section is less certain. 
There are tv^o unconformities representing gaps of unknown duration. 
There is evidence of the climate changing from temperate-humid to eold- 
eoiitinental, but whether this change is to be correlated with the first or 
the second phase of the Last Glaciation, or with both, cannot be deduced from 
the section. Blanc suggests that the reddish sands (C2) may correspond 
to the lower levels of the Yersilia section, up to layer (0) of the Yersilia, or 
the transgressive phase between LGh and LGlg. ' If this is correct, and there 
is corroborative evidence in the southern part of the Pontine Marshes, (Cj) 
of the Canale section would have to be correlated mth the second phak of 
the Last Glaciation. 

Yellow and red eolian sands {b and a) conclude the series. These fossil 
done sands are the north-western end of a broad belt running parallel to 
the modem coast to join up with the Monte Circeo in the south, where 
their relative age can be delimited from the present-day end of the time- 
seal^ with interesting' results. . 

THE Duke Belt of the Poktine Marshes.— The belt of fossil dune 
deposits occupied about half the width of the Pontine Marshes (Fig. 60 ). 
To the landward of it, marshes exist, so that the general arrangement is 
much the same as in the Yersilia. The deposits consist of the reddish sands 
(A) and the yellow sands (b), both cross-bedded and the former exposed in 
numerous superficial sections, (a) being the weathering product of (b) 
according to Blanc. This weathering, apart from the Palaeolithic finds made 
m these sands, proves that the dune belt of (a) and (b) is old. 

To the seaward of the fossil dune belt a narrow strip of lagoons runs 
separated from the sea by a very narrow, but continuous 
modem ^ach ^th a dune (the white dune The white dune is, thus, 
the result of the activity of the sea at its present level. Its material is 
deriv^ from the north-western part of the area, where erosion takes place. 
So"! dune, however, is not simply added on to the red 

thel^oonmtervenes. Tks consists of several narrow lakes and strips 
ranged m a bne. The most important is the southern- 
most of the lakes, the Lago di Paola. It is a typical rias-lagoon (see Fig 
60), the mam lake runnmg parallel to the white dune and sending branchfs 
more or Jess at right angles into the area of the red dunes. That these 
branches are droned nver valleys is beyond doubt on account of their 
configuration and ^eir eontmuation inland by streams. They were formed 

mfervei^ between the formation of the white^me 
and that of the red dunes. Since the white dune is the product of the present 
^h sea-level, the preceding pha^ of low sea-level is likely to be thaf of the 
Glaciation, and the red dunes, at anv rate their 
up|»r i«^<m,ivouId made up of successive belts of coastal dunes formed 
durM_ the phare of h%h wa-Ievel of the interstadial LG^/LGla. 

Ihm resmt t^es with the interpretation of the section of the Canale 

If th T Canale represents the second 

Glaciation, _ the dune sands covering this bed can very 
11 be the product of the interstaial immediately following. On the 


191 


CLIMATIC PHASES OF THE, .MEBITBBEAHEAF ABBA 

other hand, the red sands (c^) would then-.be evidence of a similar period 
of dune formation in the interstadiai LGIi/LGl^.. 

'The uncertainty remaining in the sequence of the Pontine Marshes thus 
boils down to the lack of clear '^distinction between the supposed deposits 
of the first and second phases of the Last Glaciation in the Canale section. 
The fact that the approaches from the past (Last Interglacial) as from the 
present (modern sea-level and dune) lead to the same, relative age of Ci 
makes one confident that it does represent LGL, and inclined to neglect 
the unconformity between e and D as chronologically insignificant, s -l- 
B would then correspond to LGh with a cool and humid climate, and Cj 
to LGia with a cold and continental climate. 

The chief point to be settled is the chmatic character of Co, whether it is 
mild and interstadiai, or more or less glacial. Analogy to the other dune 
deposits of the area pleads for the former view, the find of molars of the 
mammoth for the latter. These molars were, however, ''not collected 
in situ, but their patination, and patches of red sand and calcareous con- 
cretions adhering to their surface, sufficiently indicate their derivation from 
layers and Ci ” (Blanc, 1937a, p, 634). 

" Pontine Maeshes: Stjmmaey of Geological Succession.— The 
evidence afforded by the Pontine Marshes thus suggests that — 

(а) The Last Glaciation is divided into three phases, the first 
with a cool and humid climate, the second with a cold-continental 
climate, whilst for the third no climatic evidence is available in 
this area, but only a drop in sea-level. 

(б) Three phases of dune formation correspond to three phases 
of high sea-level, the last being that of the present day, the other 
two those of the interstadials LGL/LGU and LGli/LGlg. 

(c) The drop of the sea-level during LGU amounted to at least 
20 metres. 

Gbotta Romanelli. — Turning now to the South of Italy, we meet 
with the Grotta Romanelli, near Castro in southern Apulia, which contains 
a most important series of late Monastirian and post-Monastirian deposits. 
This cave opens to the sea at about 10 m. above sea-level. It was dis- 
covered by P. E. Stasi in 1900, when he was studying the fossiliferous 
consolidated breccia which covers part of the entrance of this cave. In 
working out the results he collaborated with E. Regalia, and several 
notes were published (1904, 1905). A controversy ensued with regard 
to the age of the contained industries. Blanc settled this controversy 
by carefully excavating the deposits of the Grotta Romanelli, and by the 
publication of two extensive papers on the stratigraphy and the industry 
of this cave (1921, 1930). A short description of the Grotta Romanelli 
is also found in Vaufrey’s book on the Italian Palseolitbic (1928). G. A. 
Blanc's investigations supplied not only evidence of faunal changes, but 
also geological evidence of chmatic oscillations in Apulia since the Last 
Interglacial. The cave, situated at only 40® NT. lat., thus provides a 
landmark of the first order, which helps to extend southwards the chrono- 
logy established for the upper Pleistocene of northern Europe. 

The section (Pig, 62) is as follows (lettering as in G, il., Blanc, 192L 
1930), from the earliest to the latest : ■ 

(k) The deposits of the Grotta Romanelli rest on a somewhat irregular 
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rock floor at about 7-5 m. above low sea-level (G. A. Blanc) ; about 0-5 m. 
less if calculated from average sea-level. The rock-floor is covered with 
a beach-conglomerate consisting of coarse, rounded pebbles (level k). 
G. A. Blanc correlates this marine horizon with the Strombm bubonius-sea,, 
in particular the latest and lowest of the known beaches. This is our 
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Wm. ea.— Schematic ^tion of Orotta Bomfmelli, southern Apulia. After G. A. 

^ - Blanc (1621). 

Late Monastirian phase. Unfortunately, this bed is too coarse for shells 
to be preserved. On its surface was found a discontinuous layer of ash 
and charcoal which contained remains of Hippopotamm, Dicerorhinus 
merckii, an elephant {? E. antiquus), fallow-deer and rabbit, and of birds. 
This association of species indicates that the climaite was still warm and 
of the Mediterranean type. 
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(i) The layer of ash and charcoal resting on the marine pebble stratum 
is covered by a deposit of angular rock- waste up to one metre in thickness. 
In places, this rock- waste (which must have come from the roof of the 
cava) shows traces of decalcification and transformation into argillaceous 
or loamy, whitish, yellowish or reddish-brown material. G. A. Blanc 
explains this decalcification as the result of chemical weathering under 
warm climatic conditions. Vaufrey, however, holds the view that this 
layer was formed under a climate with gi*eat thermal contrasts and that it 
testifies to the approach of the Last Glaciation (Vaufrey, 1928, p. 92). 

The fauna of level (i) confirms the view of G. A. Blanc. It is a vrarm, 
Mediterranean fauna enriched by some extinct warm elements, and 
essentially the same as that of the underlying beach deposit. The follow- 
ing species have been found : Fallow-deer and rabbit very abundant, 
ElephaSf Dicerorhinus merckii, Hippopotamus, Bos primigenius, horse, 
red (?) deer, roe deer, hedgehog, rock-pigeon {Golumba lima), and other 
birds. 

(h) The layer of angular debris is covered and sealed by a stalagmitic 
bed about 20 cm. thick. It shows that the climate had become more 
humid so that an ample supply of water rich in dissolved calcium- 
carbonate was available in the cave. The fauna of this bed is extremely 
poor, and most of the specimens were found in a hearth layer at its base. 
Apart from red (?) deer, rabbit and a goose {Anser albifrons Scop.), the 
hare (Lepus europceus Pall.) and the red fox are found, two species typical 
of temperate Europe to-day. Their presence so far south shows that the 
climatic conditions during the formation of the stalagmite (h) resembled 
those now observed north of the Alps. Since the overlying Terra Eossa 
deposit again contains a warm fauna, the stalagmite (n) represents the 
first, humid, oscillation of the Last Glaciation, with which we are already 
familiar from the Pontine Marshes and the Eiviera caves. 

. (g) The lower stalagmite is covered by a red earthy deposit, called 
Terra Eossa (level g), which is about 0*8 m. thick. It is of a very deep, 
almost purplish red and consists of fine, though indistinct, strata of a 
sandy loam, interspersed with small angular pieces of limestone of local 
origin. The loamy matrix is, when dry, somewhat crumbly and loose. 

It appears that most of the material of the Terra? Eossa was derived 
from the normal Mediterranean weathering soil of the neighbourhood. 
There is, however, an admixture of sand present in this cave-deposit 
(Fig. 57), G. A. Blanc studied this sand and found it to be similar to 
desert-sand, many grains being rounded and having an opaque surface. 
On this sand G. A, Blanc based his view that the Terra Eossa (and the 
overlying Terra Bruna also) is eolian. Although mechanical analysis 
shows that the Terra Eossa of Eomanelli is by ho means a true loess, 
but a re-depohted weathering soil mixed with sand, the presence of this 
sand does provide evidence of wind-action and, therefore, of a certain 
dryness of the climate. The term loess ” is better not applied to the 
Terra Eossa (or the Terra Bruna) of the Grotta Eomanelli. 

The fauna of the Terra Eossa is composed of the following species : 

^ Frequent : Dicerorhinus merchiiy Boa primigenius, fallow deer, rabbit, 
Otis tetrax, Golumba livia. 

Eare : Elephas antiquus. Hippopotamus^ red deer, roe deer, Equus 
13 . ■ 
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caballm, M^mna sptlma, wolf, jackal (?}, badger, Lutra lutra, Microtm 
arpalis, Pehsgius monachus, Otis tarda, and a fish (Dmtex vulgaris). 

The climate is well characterized by this fauna as warm and compara-, 
tiFely dry. This may be. interpreted as, either faMy , d.ry ^ all the year 
round or, more likely, seasonally dry, as at the present day. The presence 
of the rabbit and of the two species of bustards (grass-land birds) is note- 
worthy, also that of a species of wild dog which appears to be the Jackal. 
On the other hand, the existence of woods is indicated by fallow deer and 
red deer, whilst Hippopotamus and otter testify to the neighbourhood 
of freshwater. The seal, Felasgius monachus, shows that the sea cannot 
have been far. Not one element of this fauna suggests cool or cold 
conditions, either damp or dry. Blanc emphasizes that the fauna 
remains the same from the bottom to the top of the Terra Rossa, whose 
climatic character is best described as that of a warm forest-steppe 
such as it would presumably exist in Apulia now, had man not destroyed 
the natural plant-associations. 

(r) Between the Terra Rossa and the overlying Terra Bruna a discon- 
tinuous layer of stalagmite is observed (f). It never attains more than 5 
cm. in thickness, yet it represents a very distinct horizon since, where it is 
absent, the limit between Terra Rossa and Terra Bruna is equally sharp. 
G. A. Blanc stresses that the fauna of the Terra Rossa is homogeneous from 
bottom to top, and that the same applies to the Terra Bruna. The two 
faunas are totally different, so that there is no doubt that the stalagmitic 
level (f), whether actually present or merely indicated by the boundary 
between the two earthy deposits, is an important horizon corresponding to 
a period of considerable duration. The deposition of loose, apparently 
wind-blown, material had ceased, and the climate become sufficiently 
humid for stalagmite to be formed. 

The layer (f) being so thin, faunal remains are practically absent. The 
only find so far made is part of a humerus of a Capra, identified by Blanc 
with ibex. This is an element which is absent from the Terra Rossa below, 
but found in the Terra Bruna above. It may be taken as an indication 
that the stalagmite (f) is more closely related to the Terra Bruna. Should 
the specimen prove to be ibex, one naturally would be inclined to interpret 
it as indicating a cool climate, especially in view of the southerly latitude 
of the locality. In any case two conclusions may safely be drawn, namely, 
(1) that during the formation of the upper stalagmite the climate was more 
humid than before and after, and {2} that this phase was less humid than 
that of the deposition of the lower stalagmite (h). 

(b, b, 0, B, a) The Terra Bruna, the uppermost deposit of the Romanelii 
section, is over 3*5 m. thick. 6. A. Blanc subdivided it into a number of 
fairly distinct horizons (levels b to a). 

to many respwts the Terra Bruna resembles the Terra Rossa (Fig. 57). 
Both chiefly consist of a fine earth which is stratified by layers of fine sand 
and by layers of angular rock waste. The differences are found in the 
brown colour, the sandier grain of, and the abundance of coarse rock waste 
in, the Terra Bruna. Mechanical analysis shows that the Terra Bruna, too, 
is chiefly composed of a weathering loam mixed with wind-blown sand, and 
one cannot but accept Blancas conclusion that the major portion of the 
Terra. Bruna was blown into the cave by wind. 
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Climate of the Tebea BbeistA' Phase.— The phase of the depositioE of 
the Terra Bruna in the cave marks a pronounced change of climate. Wind- 
action was intense, and brown (not red) soil was exposed to the action of 
wind. At the same time, especially during the deposition of the midda 
portion of the Terra Bruna (levels c and i>), thermoclastic destruction of the 
walls and the roof of the cave produced the rock-waste which is so abundant 
in the Terra Bruna. As the fauna suggests a cool climate rather than a 
warm one, this thermoclastic weathering is likely to have been caused by 
frost. No doubt the climate had changed from humid to decidedly con- 
tinental, with a certain amount of frost and wind action. 

The fauna bears out that the climate was cold, but by no means arctic. 
Among the large animals, the three frequent species are Eqnm hydruntimis. 
Bos primigenius and red deer. They characterize the assemblage (list in 
Blanc, 1921, pp. 13-15) extremely weU. The wild ass is a form of open 
grass-lands, the urus requires water, and the red deer a certain amount of 
wood. Several biotopes thus appear to have been combined in the environ- 
ment of the Grotta Romanelh at that time, namely, stretches of open 
country with grass and possibly bare spots (probably on the plateau above^ 
the cave), woods and shrubs in the natural cuttings of the cliff and on the 
then exposed marine erosion platform in front of it, and ponds and swamps 
on the same platforms. The sea cannot have been far, however, as Monachus 
albiventer, a seal, also is a member of this faima. The remainder of the 
fauna fits into this setting. There are wild boar, badger, dormouse, i 3 ?nx 
and wild cat preferring protection by woods, there is a large indifferent 
group, and there is the otter indicating the neighbourhood of water. 

Among the birds there are not less than 14 species that are bound to 
water, besides two species of bustard which would have occurred in the 
grass-lands, an eagle and the griffon-vulture, two pigeons, the raven, the 
carrion crow (sJ.), jackdaw, and a thrush. 

As regards the temperature required by this fauna, G. A. Blanc is strongly 
impressed by the occurrence of the hare and the fox, instead of the rabbit 
and jackal found in the Terra Eossa ; of the ibex, of birds like the great 
auk, barnacle goose, and the lesser white-fronted goose, and others which 
are now restricted to more or less northerly regions. It cannot be denied 
that the aspect of the fauna is not Mediterranean but North European ; 
yet it is not Arctic. In fact, every one of the species of the Terra Bruna 
has occasionally been found as far south as Malta, Egypt and Palestiue 
(compare Despott, 1915 ; Eamsay, 1923). Their abundance in the Grotta 
Eomanelli shows that conditions for them were then more favourable than 
now, but it is evident that such fauna would rapidly become established 
in Apulia if the climate changed from Mediterranean to, say, south Russian 
conditions. It is the latter t 3 rpe of climate, continental with cold winters 
and warm summers, with precipitation in spring and autumn, with steppe, 
wood-islands, and, m certain districts, water, that I incline to compare 
with the RomaneiH climate during the formation of the Terra Bruna. The 
only two species which seem to support the claim of arctic conditions are 
the ibex and the great auk. The climatic value of ibex, however, is some- 
what doubtful ; it probably is a species adapted to mountainous scenery, 
and it is now on the verge of extinction after a period of very wide distri- 
bution. As regards the great auk {Alca impmnis L.) (G. A. Blanc, 1928), 
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this BOW extinct species has also been found 'in Gibraltar (BatCj 1928) 
together mth a fauna of a temperate character. In historical times it^is 
said to have occurred as far ^.sonth as the northern coast C)f Spain. Miss 
Bate (1928) summarizes the case as. follows : ‘‘ The occurrence of the Great 
Aak in the Mediterranean region in' , Palseolithic times does not necessarily 
imply a very different climate to that obtaining at the^ present day. That 
this bird was commonly known, only- from northerly latitudes within historic 
times may be responsible for its being nsnally considered an entirely 
northern, though not an arctic species.'' It is generally considered that 
the final extinction of the Great Auk was largely due to man's interference, 
and It is possible that its retreat .from the Mediterranean was also hastened 
by human agency." 

The Terra Bruna reaches almost up to the roof of the cave. There are 
no petrological or palaeontological changes throughout the deposit, and it is 
evident that its formation ceased because the cave was filled up. No later 
deposits, therefore, can be expected in the Grotta Eomanelii. 

Geotta Romaxelli : Summaey. — ^The climatic history of southern 
Apulia, as revealed by the sequence of strata in the Grotta Romanelli, is, 
"thus, as follows : 

(1) Sea-level about 8 m. above present average sea-level, warm con- 
ditions of the Interglacial of the Strombus beach (Late Monastirian level). 

(2) Recession of the sea begins. Conditions still warm and Mediter- 
ranean. 

(3) The climate becomes oceanic. 

(4) The climate changes to Mediterranean, drier and probably warmer 
than before. 

(5) The climate becomes once more oceanic. 

(6) The oceanic phase is followed by a cool and continental phase of 
climate. 

It will be noticed that this succession is reminiscent of the successions 
established for middle Italy-. The Late Monastirian high sea-level is 
succeeded by a humid oscillation, which is separated from a second humid 
oscillation by an interval of Mediterranean climate. The second humid 
oscillation, however, is followed immediately by a cool and continental 
phase. This is the same relation as established for the equivalents of the 
first and second phasei^ of the Last Glaciation in the Versilia (p. 182) and, 
partly, the Pontine Marshes (p. 186). It is of the greatest importance that 
a humid LGli and a LGl* which was first humid and then continental and 
cool are thus cxinfirmed for mtdkern Italy, on a latitude of approximately 
40 " N. . ..f-,.- 

0. PALISTINE. ' 

. Ml?. CAEMim Caves : SEOTIOH.—In the Near East it is Palestine that 
hm provided m with sections suj05ciently detailed to Justify a climatic 
correlation with Europe. This is chiefly due to the excellent work done 
by Miss D. M. A. Bate and Dr. Dorpthy Garrod. 

Most attempts at correlating the pluvial phases observed in the Near 
East with the phases of the European glaciations have been contradictory 
and unconvincing. The reason is obvious : it lies in the assumption that 
the four main glaciations of Europe were undivided entities. Most 
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fortunately, the sequence established by Garrod and Bate (1937) for 
the caves of the Wadi-el-Mughara in Mt, Carmel in Palestine has produced 
unmistakable palaeontological evidence for fluctuations of the climate. 
It is detailed enough to suggest a correlation with the phases of the Last 
Glaciation of temperate Europe. 

The fauna of mammals of the two most important caves (Tabiin and 

CAVES& 10 20 30 ^0 50 60 70 80 90 100% 
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Fig. 63. — Relative frequency of Gazelle and Fallow Deer in the deposits of the Mt, 
Carmel caves, Palestine, Modified, after Bate, in Garrod and Bate (1937). 


Wad) was analysed by Miss Bate (in Garrod and Bate, 1937) with the 
following results, beginning with the lowest level (Pig. 63) : 

Tabun (o). This layer has yielded no vertebrate remains. 

Tabun (p). The fauna consists of a bat with tropical relations (Mega- 
derma watwat Bate), a shrew, a mole, several small rodents, Dama mesa- 
potamica^ gazelle, a frog or toad, and millipedes. It consists entirely 
of distinct and primitive species, and includes an extinct genus,’" TJie 
fauna suggests a warm and damp climate. 

Tabun (e)» This level contains a rich fauna, including a number of 
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extinct species of early type. Some snrvivors from level _ (^) occnr 
tlirowgliont. Halfway through the 'deposit, immigration of Asiatic forms 
increases, while the frequency of Damn decreases continually until 
equality with Oazella is reached at the top. _ ''A warm, damp climate is 
indicated, perhaps tropical at the beginning, with gradual approach to 
drier conditions as level n is reached.” This is clearljr shown by the 
increase of Gazella (a steppe species) at the expense of Dama (a woodland 
species). 

Tabun (d) and (c). ‘‘ These levels have provided a rich fauna with 
several distinct forms of early type. Some species known in level (f) 
survive into level (d), which intergrades with level (e). Fresh immi- 
gration from, Asia is suggested in level (d). The climate grows drier in 
level (c), but perennial water is present for the needs of Hippopotamus, 
etc.” Gazelle increases considerably, whilst the fallow deer becomes 
rarer and attains a minimum of frequency in Tabun (c). At the same 
time, the primitive species which have survived from level (f) disappear, 
such as Crocidura aanmriiana and Philostomys roachi, which disappear in 

(d) , and Vulpes vimiomm^ Elhbius pedorychus and 3Iicrotus machintoni, 
which survive into (c) but are no longer found in higher levels. Numerous 
skeletons of db Homo with affinities to Neanderthal man (McCown and 
Keith, 1939) have been excavated from this level in the Tabun, and 
especially in the neighbouring Skhul cave. 

Tabun (b) and Wad (o). With this level the faima changes abruptly. 
None of the primitive mammals of the earlier levels is found. '' From 
this level onwards the fauna is of modern type. Remains of Dama 
meaopotamiea constitute the principal part of the collection, and this 
indicates a considerably increased rainfall.” The relation Dama ~ 
Gazella is as high as about 91 9 {see Fig. 63). 

This renders it probable that forests spread, and open grasslands 
became restricted, and also that the climate was on the whole much 
damper than at the present day. The average temperature, however, 
need not have been much lower than now ; at least the fauna shows no 
signs of it, ' 

Wad (f), Tbe faunal assemblage of the level is of a “ modern type, 
and includes new arrivals such as wolf, badger, marten, hare, etc.” 
Gazelle is, however, once more frequent, so that the climate appears to 
have changed to drier conditions compared with the underlying horizon. 

Wad (e). The same applies to this layer as to Wad (f). Gazella is 
even more frequent. 

Wad (n). The fauna contains the same elements as Wad (f) and 

(e) , but i)ama*becomes, for the last time, more frequent than Gazella, 

Wad (cl. The fauna remains essentially the same, but Dama becomes 

scarcer and Gazella more frequent. 

Finally, in — 

Wad (b) the fauna is of a modem type, though a few forms which are 
cIosel5' allied to Recent species but no longer found in Palestine still 
occur (for instance, Erinatena carmelitus). Gazelle is now very frequent, 
and Dama decidedly rare. It is obvious that from Wad (o) onwards, 
the grasslands spread at the expense of the forest, and it is probable that 
the climate changed to a dry type. 
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Mt. Carmel Caves: Climatic ELucfTirATioi^s ahd Cobrelatioh,— 
The fluctuations of the climate, more exactly the types of biotope pre- 
vailing at any particular time, are indicated by the relative frequency of 
gazelle and fallow deer as species representing grasslands and woodlands 
respectively. ,^Miss Sate tabulated the two species 5 her results are 
reproduced in the diagram, Fig. 63* 

At the time of formation of the earliest fossiliferous layer, Tabun (f), 
the fauna as a whole suggests a warm and damp climate, according to 
Miss Bate. The number of specimens of gazelle and fallow deer is too 
small for conclusions to be based on them (three gazelles, one fallow deer). 
While the next higher level (Tabun (e)) was forming, forest predominated. 
Towards the end of this phase, grasslands would have extended their 
domain ; they attained to a maximum in the time of Tabun (d) and (c). 

This dry phase is followed by a long period of damper, i.e. forest, 
conditions, with two maxima of forest during Tabun (b) (=Wad (g)) and 
Wad (d), separated by a drier phase (Wad (f), (e)). In Wad (c) times the 
climate again tended to become drier, and this process has continued 
through Wad (b), apparently with only minor oscillations, to the present 
day. 

The most striking feature of this cllmatio succession is the presence of 
three maxima of forest, of decreasing intensity. In Palestine, the increase 
of forest signifies either a more even distribution of rainfall over the year, 
or a greater total amount of rainfall. Either case entitles one to call such 
phase a '' pluvial ’’ of some kind (for discussion of this point, see p. 205). 
The first of these three pluvials of our sequence is separated from the follow- 
ing two by a drier phase than that which separates the latter, and these 
appear to be more closely linked together, 

PalsBontologicai evidence supports this view, since Miss Bate found that 
a great faunal break occurred between Tabun (c) and Tabun (b) (+ Wad (g)), 
coinciding with the beginning of the second pluvial phase of the sequence, 
after which the fauna assumed a modem aspect. This faunal break is 
highly significant from the chronological point of view, A similar break 
is observed in temperate Europe at the beginning of the first phase of the 
Last Glaciation, when a great many new forms appear for the &st time and 
the specific composition of the fauna assumes a modern aspect, and also in 
many other parts of the world (Hopwood, 1936 , 1940). 

If one uses this palseontoiogical evidence as a hinge for correlation, the 
first pluvial of the Mt. Carmel succession is likely to correspond to the 
second phase of the) Penultimate Glaciation, and the two later ones to 
the first and second phases of the Last Glaciation (Zeuner, 19386, 1940). 
The third phase of the Last Glaciation would then appear to have left no 
traces in Palestine. 

The alternative hypothesis '' of Vaufray (1939), that the three maxima 
of Dama correspond to the three phases of the Last Glaciation, can be upheld 
only if the exceedingly pronounced character of the faunal break is dis- 
regarded. Fourteen species out of about 31 disappeared suddejily at the 
end of the firat dry phase of the Mount Canoael sequence. Of these, Vaufrey 
selected one, in order to defend his hypothesis of the surviv^ 

of this ancient-looMng fauna into the Last Glaciation, and — ^strange to say 
— ^he added as a second Bhinowros mercMi which has not been found in the 
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Moimt- Carmel caves at aH, and, for the survival of which m the Near East 
no evidence is available. 

One is iiidined to eorrelate a sharp faunal break with the first climatic 
change after a long period of comparative stability, and not with a subsequent 
oscillation. Especialy this is so' when, as here, the '' break '' is almost 
purely one of extinction. The new forms, whose appearance completed 
the faunal change, appear only gradually ; two in Tabun B (Wad 6), one in 
Wad F, seven In Wii E, and one in Wad D. 

Vaufrey offers no explanation of why wholesale extinction should have 
b€)c^n postponed until the $emni phase of the Last Glaciation ; nor is his 
contention convincing that this in fact happened in Italy. The truth is 
that we know almost nothing about the constitution of the Last Interglacial 
fauna of Peninsular Italy. We are therefore hardly in a position to assert 
that this fauna persisted until the second oscillation of the Last Glaciation. 

The palseoclimatological significance of the Mt. Carmel caves lies in the 
evidence they provide for two pluvial phases corresponding to the Last 
Glaciation. Since the evidence is purely palaeontological, it has not yet 
been possible to correlate them with the terrace deposits and other geological 
evidence from the Jordan Valley, to which attention has been paid bv 
Picard (1932, 1937). 

n. WESTERN MEDITERRANEAN AND SPAIN. 

A few words have to be added concerning the Western Mediterranean. 
Work in this area has so far produced plenty of archaeological evidence, 
chiefly owing to H. Obermaier's efforts, but the climatic succession of the 
Pleistocene would repay a closer study. What is known shows that the 
course of events in the Iberian Peninsula did not differ essentially from that 
established for Italy and Palestine. 

Gibraltab. — ^The rock-shelter at Devils Tower in the north side of 
Gibraltar was discovered by Breuil and excavated by D. A. Garrod (1928). 
The mammals were determined by Miss Bate and the moUusca by P. Fischer. 
It is the only locality of the western Mediterranean area in which deposits 
with Homo nemdeHliMmsia rest on a marine beach. The beach deposits 
reach up to 8*5 m, above the present sea-level, and the upper limit of the 
bore-holes of Lithodomus is found at 9-9*5 m,* These figures agree well 
with the altitude of the Late Monastirian sea-level in south France and 
Italy. Fischer found that the shells contained in the beach-deposits are 
chiefly Mediterranean, though a few Atlantic species occur also. They 
sugg^t a ^a-tempeorature not very different from that of to-day, but the 
subspecific characters of some forms point to a warmer sea. **A specimen 
of Ocimbra Eivmrdm recalls a modem variety which occurs in Madeira.** 
Several of the species found, notably Trochocochlea articulata and T, 
iur^vMa, are remarkable for their size. Jagonia reticulata also shows, 
but to a iMser degree, this increase in size, . These observations support the 
correlation of the 9 m, level of Gibraltar with the lowest level of the Strombus- 
sea, the Late Monastirian of the Mediterranean shores. 

The beds with human remains of the rock-shelter of Devils Tower 

r ‘ ^ (1845) already described this ancient sea-level. According to hfm the 

lAihodomus-zoue at the isthmus side of the rock is somewhat over 7 m. high and marked 
with clusters of fossil Mytilus ar&mUue and barnacles. 
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contain a fauna of mammals (Bate, 1928) indicative of a mild climate with 
laore woody vegetation than is now found in this part of the Iberian peninsula 
One is inclined, therefore, to regard it as more humid than the , modern 
climate, but it is difficult to visualize, for comparison, the composition of 
the present-day fauna and flora of southern Spain previous to the inter- 
ference of man. 

: The Spanish ibex is present. Again, the question arises whether fossil' 
ibex indicates a colder climate or not. The geographical latitude of Gib- 
raltar (36*^ N.) is lower than that of the Grotta Bomanelii. The presence of 
ibex so far south and near the sea-level may be interpreted as proof for 
a colder climate, though it is by no means conclusive. 

The avifauna, also studied by Miss Bate, comprises 33 species, all of 
which, except the great auk, still occur in Europe. The climatic interpre- 
tation of the great auk has been discussed (p. 195). It may, but need not, 
be evidence for a cooler clinate. Another interesting bird is the alpine 
chough {Pyrrhocorax pyrrhocorax (L.)), which was abundant at Devils 
Tower, occurring together with the red-billed chough {Pyrrhocorax graculm 
(L.)). These two species are now restricted to different altitudes, the alpine 
chough being found in high mountains only. Their simultaneous occurrence 
at Gibraltar suggests that the climate was suitable for both species, namely 
one characterized by cooler summers. Both species have been recorded 
also from the upper layers of the Grotte de FObservatoire and from the 
Grimaldi caves (Bouie, 1927). 

Thus, the fauna of the Mousterian beds above the fossil beach of Gibraltar 
seems to indicate a climate somewhat damper and cooler than the present. 
The three items on which this view is based (frequency of ibex, great auk, 
alpine chough) are, taken singly, not conclusive, but the simultaneous 
occurrence of the three species lends support to the view that these beds 
were deposited during the incipient stage of the Last Glaciation, after the 
sea-level had begun to recede from the Late Monastirian level. The Nean- 
derthal skull from Gibraltar is, on this view, contemporary with that from 
the Monte Circeo in Italy (A. G. Blanc, 1939(r ; Zeuner, 1945). 

Castillo Cave, Nobthebn Spain. — ^The fluctuations of the climate in 
northern Spain are best illustrated by the Castillo Cave, near Villacariedo 
in the province of Santander. As shown by the work of Obermaier (1924, 
pp. 161-166) and A. C. Blanc (1937rf, p. 11), there is evidence for repeated 
changes of climate. In the following summary of the section, the unfossi- 
liferous clays which separate the fossiliferous horizons are omitted. The 
accumulation of bones in the latter is entirely due to early man. Several 
stalagmitic phases mark periods when the cave became too damp for human 
occupation. Generally speaking, the fauna suggests forest (red deer), 
with the exception of an episode of steppe characterized by the abundance 
of horse. 

Layers (x) to (z). Late Postglacial, 

(w) Occupation layer. 

(v) Stalagmite. Damp phase. ? LGlg. 

(u) Chiefly red deer. Gyprina islandica. No reindeer. Climate 
milder than in (s). 

(s) Chiefly red deer, but some reindeer. Cold, but forest re- 
appearing. 
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(o) to (q). CMefly horse.'" Reindeer present. Cyprim Mandica, 
a marine bivalve no longer found off the north 'coast of 
Spain. ^ .Cold steppe. ? LGlg. 

(k) to (m). Chiefly hojrae. Steppe, but no evidence of cold. 

? Oncoming ^612- ' ' ^ ^ 

(h) CMefly red deer. DimrorMnus merckii. Forest climate. 

(g) Stalagmite. Damp phase. ? LGIj. 

(b) to (f). Chiefly red deer. Dicerorhinus merckii, Elephas 

aniiquus in (f). Forest climate. No cold forms. 

(c) Stalagmite. Damp phase. 

(b) Chiefly red deer. Dicerorhinus merckii. Forest climate. 

(a) Chiefly cave bear. Rare ; reindeer and marmot. 

This succession indicates a threefold division of the Last Glaciation into 
a first damp phase (g), a second dry and cold phase (o)-(q), and a third damp 
phase (v). Horizons (i)) to (f) are suggestive of the Last Interglacial, with 
E. aniiquus. If this is correct, (c) and (a) would correspond in part to the 
Penultimate Glaciation. 

Olha, Frei^'ch Pybehees.— TMs succession may be compared with that 
at Olha, on the French side of the western Pyrenees, where deposits cor- 
related with (a) of Castillo are definitely cold in character, containing 
reindeer, woolly rhinoceros and mammoth {Obermaier, 1924, 1935, 1937a ; 
A. C. Blanc, 1937d). On the French side of the Pj^-enees therefore a cold 
climate might have prevailed in LGI^, while conditions on the Spanish 
side were those of a pluvial. 

Judging by the evidence at present available, the upper Pleistocene of 
the Iberian Peninsula thus appears to corroborate the climatic sequence 
established for the Mediterranean region. 

E. THE ASTRONOmCAL THEORY APPLIED TO THE 
MEDITERRANEAN REGION. 

SuMMABY OF pALiEOOLiMATio Evibence. — ^T he preceding parts of tMs 
chapter were wholly concerned with the relative chronology of the Mediter- 
ranean upper Pleistocene, oMefiy in its climatological aspects. The results 
may now be grouped (Fig. 64} according to the geographical latitude of the 
localities. This table may serve as a basis for an attempt at establishing 
an absolute chronology with the aid of the radiation curves. 

Before we embark upon the theory of the climatic fluctuations in the 
Mediterranean ^ea, it will be useful to recollect the main pointt^^^-'^^ved 
from the evidence afforded by the sections ; 

, (1) During the Last Interglacial (Monastirian beaches) the sea was 
warmer than at the present day. ' 

(2) The most complete sections confirm that, as in temperate Europe, 
there were tlnee phases of the Last Glaciation. 

(3) Of these, the third was the weakest, and the second the most intense. 

(4) Climatic evidence for LGL has been found only to the north of 43° N. iat. 

(o) LGI 2 , on 40° N. and north of it, can be subdivided into a first, humid, 

subphase, and a subsequent cold and mostly dry, more continental, sub- 
phase. On 33° N. lat., however, tMs phase appears to have been humid 
throughout. 
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(6) LGlj is represented by a Mmid phase everywhere ; it was cool N. 

of 42"" N.j and temperate S. of it. , ■ 

(7) It follows from (4), (5) and (6) that there were latitudinal differences 
of the climate which are most pronounced with regard to LGI3 and least 
pronounced with regard to LGli. 

(8) It follows from (5), in comiection with (4) and (6), that the ordinary 
type of climatic phase representing the glacial phases in the Mediterranean 
is a phase of humid, or oceanic, character, which in the most intense con- 
ditions (LGI2 north of 40® N.) was folowad by a cold and continental sub- 
phase. 

Intebperehce op Radiatioh CmMATE ahb Secondary Eppects of 
Glaciation. — ^The fluctuations of the radiation received by various latitu- 
dinal zones of the earth, which have explained in a comparatively simple 
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Pig. 64. — Table of the climatic phases of'the later Pleistocene in the 
Mediterranean area. 

manner the repeated alternations of advance and retreat of the Scandi- 
navian and Alpine ice-sheets, must have influenced the Mediterranean 
climate also, though in a different way. 

Furthermore, it has been expounded by many climatologists that the 
ice- caps of northern and central Europe compelled a large number of baro- 
metric depressions to take the path along the Mediterranean instead of 
moving across central Europe which, while the ice-caps lasted, was more 
liable to be covered by cold and heavy anticyclones than is the case at 
present. The cold and relatively dry wind which emanated from the ice- 
and snow-covered areas of Europe must have influenced the Mediterranean 
climate also, especially further east. But these distant effects of the ice- 
anticyclones did not develop before the ice-caps had attained considerable 
proportions. They were retarded relative to the direct effects of the chariges in 
the radiation as much as were the maxima of extension of the ice relative 
to the radiation phases causing them in north and central Europe, It is „ 
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apparent that, in the Mediterranean, these conditions resulted in a com- 
plicated interference, or OTerlap, of pure radiation climate and secondary 
distant ” effects of the glacial chmate. ^ ' ■ 

To-day no more than an estimate can be made oi the probable ettects 
of these factors. In doing so, however, one realizes that what can be 
deduced theoretically in this manner agrees astonishingly well with the 
observed facts as tabulated in Fig. 64. 

Radiation Cueves foe the Mediteeeanban. — If one takes the present- 
day climate as the starting-point and considers the fluctuations of solar 
radiation during the Pleistocene for the latitudes of 4o° and 3o^ N., one is 
struck by the general resemblance of these curves (Fig. 52) with those of 
the higher latitudes. Three minima of summer radiation, corresponding 
to the three phases of the Last Glaciation, occurred at approximately the 
same times in the Mediterranean as they did in the north. 

Relative Intensity of Minima. — ^The relative intensity of these minima, 
however, is different. Whilst on 75° N. lat,, R.M. 25 was somewhat more 
intense than R.M. 115, on 35° N. iat., the former (here R.M. 22) was a very 
weak minimum as shown by the following figures : 

LOIj. Ifila. " ■. . 

Can. nn. Years. Can. iin. Years. Cal. un. Years, 

. -639 . (116,000) . -581 . (71,900) . -646 , (25,000) 

. -454 . (116,100) . -317 . (71,900) . -166 . (22,100) 

As usual, the corresponding winter half-years have similar, but positive 
values, indicating surpluses of radiation, l^om these figures it is apparent 
that the direct climatic effects of R.M. 22 must have been much less noticeable 
in the Mediterranean than that of R.M. 25 in northern Europe. The fact 
that geological evidence for R.M. 22 has come forward north of 43° N., but 
not south of this latitude, strongly corroborates this theoretical conclusion. 

Climatic Effects of an Intense Minimum of Sijmmbb Radiation. — 
In order to deduce the direct and indirect effects of one of the intense minima 
of summer radiation on the Mediterranean climate, the effects in the north 
of Europe may briefly be summarized. 

In northern Europe, the most important consequences of a radiation 
minimum in summer coupled with a maximum m winter were twofold : 

{a) A groat increase of atmospheric activity in winter, with plenty of 
precipitation falling as snow in the higher mountains, and— 

(b) A decrease of warmth in summer, whereby the preservation of snow- 
sheets is favoured. Thus, an increase in size resulted of the snow-fields 
which were able to persist through the summer, since only a portion of the 
annua! amount of snow thawed, the remnants accumulating and gradually 
forming permanent snow-caps and ice-caps. In this maimer, a glaciation 
was initiated. Its maximum was reached much later, probably at a time 
long after the summer minimum of radiation, which lasted only for a few 
thousand years. 

From this it is evident that at the time of a summer minimum of radiation 
the secondary effects, like the anticyclonic conditions in north and central 
Europe, and the passage of a larger number of depressions through the 
Mediterranean, were not yet in evidence. Whilst in Scandinavia snow was 
accumulating to form an ice-cap, central Europe and temperate western 


Summer minima in 
canonic 'units. 

75'" N. lat. 

35" K. Iat. 
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Europe had a pronouncedly oceanic climate with cool summers and very 
mild winters. In the Mediterranean also, summer radiation was less and 
winter radiation more than at the present day. 

In what way was, then, the Mediterranean climate modified, compared 
with to-day ? In agreement with Simpson’s views I consider it probable 
that winters with increased radiation resulted in an increase of precipitation. 
The summers with reduced radiation may have been comparatively clear, 
and inevitably cooler than at present. Though the annual average of pre- 
cipitation need not have been larger than nowadays, such a climatic phase 
would have favoured the spreading of a temperate (central European) 
flora and fauna in the Mediterranean area. In the fossil state, such flora 
and fauna will cause the impression that it lived in a true pluvial ’’ phase 
with a comparatively low temperature. Yet the annual mean of tempera- 
ture was perhaps not lower than at the present day. This type of climatic 
phase may be called a psevdopluvial ; it marks a period of low summer 
radiation in the Mediterranean. 

While the ice-caps in the north grew in size, the secondary effects of the 
glaciation began to make themselves felt. The best-known of these effects 
is the diversion of many depressions to the southerly path along the Mediter- 
ranean. These depressions must have brought to the Mediterranean an 
actual increase of the annual mean rainfaU^ so that one is justified in saying 
that, provided the glacial phase under consideration was sufficiently intense, 
the pseudopluvial was followed by a mal pluvial. 

Another secondary effect was that, presumably, the gradient of atmo- 
spheric pressure from north Europe to the Mediterranean was at times far 
greater than at present. Large portions of north Europe were covered 
with ice, and wide areas with snow, for many months. It is likely, therefore, 
that the conditions which nowadays prevail in winter, with high pressure 
over the snow-covered east of Europe and lower pressure over the Mediter- 
ranean (see Koppen, 1931, pL 5), extended further west during the glacial 
phases, were more intense and lasted through the major part of the year. 
This would have caused comparatively frequent inrushes of cold air into 
the Mediterranean. 

The Mediterranean climate during the maximum of a glaciation thus 
appears to have been colder and damper, than to-day, and this under un- 
settled atmospheric conditions with frequent and sudden breaks of the 
weather. This type of climate would have favoured the formation of ice- 
and snow-fields on the high mountains of the Mediterranean. 

Meanwhile, however, the radiation was returning from the type that 
produced the pseudopluvial to more or less the average as it obtains to-day. 
Summer radiation increased and winter radiation decreased — a change which 
might easily have produced a continental tendency in the pluvial climate 
of the Mediterranean, a tendency which would have been most pronounced 
towards the end of the pluvial. Fauna and flora must have been capable 
of enduring this type of climate, in fact, mammoth and wooUy rhinoceros 
have been found in Italian deposits, and Tongiorgi found that the moimtain 
pine and the Scotch pine grew at sea-level in the Versilia during the second 
phase of the Last Glaciation. 

When the ice-cap over northern Europe began to melt down under the 
influence of warmer summers, the glacial anticyclone was weakened corre- 
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apondiiiglv, attcl tli6 distant sflfects disappeared.^ It is known that ^this 
process was more rapid than the growth of the ice-sheet. The Bfediter- 
ranean pluvial climate must have deteriorated with equal rapidity and the 
modern t}q)e of MediteiraneaB climate taken its place. 

SOMMAEY OF THE SUBPHASES OF A COMFLETl MeDITEBEAHEAN PlIJVIAL. 
-—Summarizing our theoretical deductions, three subphases of the complete 
pluvial cycle of the Mediterranean type can be cMstinguished : 

(a) Subphase of decreased suramer radiation and increased winter 
radiation. ' Summer cooler than to-day. Precipitation less restricted to 
spring and autumn than to-day. Therefore, spreading of central European 
forest into Mediterranean. Jmnual total of precipitation not necessarily 
greater than to-day. During this period ice-caps growing in the north of 
Europe. PseiidopiuviaL” 

(b) Period of greatest extension of ice-sheets in northern Europe. Many 
depressions diverted from the central European path. Some cause heavy 
orographic and warm-front snow-falls over Scandinavia, others move across 
the Mediterranean. Summer radiation increasing, winter radiation 
decreasing, unsettled weather in summer with much rain and rapid and 
intense changes of temperature. Winters cold ; with frost in the northern 
Mediterranean. “ Pluvial in the Mediterranean area, with pseudo- 
continental climate north of approximately 40° N. lat. 

(c) Period of the disintegration of the glacial anticyclone. Total of 
precipitation in Mediterranean decreasing. Rapid return to the present- 
day type of Mediterranean climate, 

Weaeeb Phases. — ^Less intense glacial phases will not have been able 
to influence with their distant effects the climate of the Mediterranean as 
strongly as did the major glacial phases. Subphase (b), in particular, will 
have been weaker generally, and frosty winters will have been rare. A mild 
pluvial was the result. 

South Shoee of Meditebbaheah. — In the countries bordering the 
Mediterranean on the south side, the distant effects were naturally weaker 
than in the north, and mild rainy pluvials the rule, since during subphase 
(b) only the rain-bringing depressions, but not the effects of cold emanating 
from the glacial anticyclone* would have reached this zone. 

COMFABISOK OF ThEOBY WITH OBSERVATION. — ^It is not toO much to 
say that the conclusions arrived at in the preceding paragraphs agree in 
every respect with the evidence available at present. The second phase 
of the Last Glaciation, for instance, illustrates well the succession of the 
mdd-humid pseudopluvial by the true pluvial with frost-winters north of 
40° lat. on the Itaio-French Riviera, in the Versilia, and the Grotta Roma- 
neili. The third phase of the Last Glaciation which, according to the 
radiation curve, would have been weak and inconspicuous in the Mediter- 
ranean, has apparently left traces only on 43° N. and north of it. The first 
phase of the Last Glaciation was more intense than the third, and in many 
places pronouncedly humid, but evidence for the cold-continental second 
part of the pluvial is not satisfactory. Whether this means that this phase 
was less cold than LGig, or damper, cannot be decided, but it is most remark- 
able that in temperate Europe also the first phase of the Last Glaciation 
differs from the second by its loss pronouncedly arctic character in spite of 
an even larger extension of the ice-sheet. 
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The fact/tliat one encounters, a' corresponding. diiSerence in the Mediter- 
ranean area- supports ' the correlation with the glacial ' phases as expounded 
here. We are/jnstified, therefore,, in appl 3 riiig the dates provided by the 
radiation curve' to the plnvials of the. Mediterranean area, keeping in mind 
that the summer minimum of radiation was contemporaneous with the 
pseiidopiuvial ’’ in each . case. Taking the figures for 35° N. 

as an average, we can thus say that the three pluvial phases corresponding 
to the Last Glaciation occurred at about li6;W0, 72,000 and 22,000 years 
B.P. 

In concluding this preliminary survey of the Mediterranean it must be 
stressed once more that, although the evidence at present available is 
strongly suggestive of the correlation put forward in these paragraphs, it is 
scanty compared with the abundant evidence available for the chronology 
of temperate Europe. Much more work is needed in the Mediterranean 
area to confirm or to modify this preliminary chronology, and also to extend 
it further back into the past. 


CHAPTER VIII 



THE ASTROJ^OmCAL THEORY APPLIED TO THE 
• TROPICAL ZONE OF AFRICA, TO SOUTH 
. AFRICA AM) TO ANTARCTICA 

A. EXTENSION OP THE ABSOLUTE CHRONOLOGY OF THE 
PLEISTOCENE TO THE TROPICAL ZONE. 

SiKGB the chances of a correlation of the climatic oscillations with the 
fioctnations of solar radiation are fairly good in the Mediterranean area, 
one might feel inclined to extend such correlation to the tropical zone with 
its pluvial phases, especially in view of the palfeoclimatic setting given by 
some recent authors to certain archeological discoveries in tropical East 
■iifrica. 

The prospects of doing so, however, are very slight for the time being, 
since our knowledge, both as regards the geological evidence and the theo- 
retical climatic interpretation of the radiation curves, is not advanced enough. 
Moreover, a study of the possibilities of such an approach shows clearly 
that the suggested correlation of certain tropical pluvials with certain 
glaciations of Europe is not only unfounded, but in some cases definitely 
wrong. It was chiefly based on the mistaken, though most widely accepted, 
assumption of the strict contemporaneity of tropical glaciations and pluvials 
with European glaciations. This is a typical example of uncritical accep- 
tance of an assumption bom from the desire of simplifying, which is so 
current in scientific thought, though it often violates the facts. The 
following paragraphs, therefore, intend to demonstrate the difiScuIties of 
correlation between the temperate and the tropical regions, and at the same 
time to show a possible way of attacking the problem. To state briefly 
my view in advance, as regards the geological aspect of Pleistocene chronology 
in the tropics, a general correlation has still to rely on palaeontological 
evidence and not on the correlation of suspected or true pluvials, and the 
definite link-up with Europe can only be achieved in the future by following 
the river terraces down to sea-level, and by using the ubiquity of certain 
high sea-levels of the Pleistocene as a relative time-scale “(see Chapter IX, 
p. m2). 

The links between the Pleistocene of the Mediterranean area and the 
tropical zone of East Africa are few. Apart from the terraces of the Nile 
which cannot be discussed in this context and the climatic character of 
which is by no means clear, there are the iOiarga Oasis, south-west Arabia, 
and Abyssinia, providing stepping-stones to Kenya and Tanganyika. The 
Fayum mtii its lake will, in future, provide another important link, but too 
many points of its Pleistocene succession are still a matter of controversy 
(Thompson, Gardner and Huzayyin, 1937). 
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Khaega Oasis. — ^Ktarga Oasis is situated in tlie Egyptian desert, on 
25|® N. lat. Gardner {1932, 1935) and Caton-Tliompsoii (1932 ; also joint 
paper, 1932) studied the deposits of freshwater tufa around extinct springs 
of this oasis and their connection with phases of erosion and aggradation. 
Miss Gardner established the following succession (1932, p. 403 ; Oaton- 
Thompson and Gardner, 1932, p. 390 ; Caton-Thompson, 1932, p. 130 ; 
Gardner, 1935, p. 517), beginning with the earliest identifiable event : 

(1) Beposition of tika on plateaus, previous to the cutting of the wadis : 
some r^. 

(2) &eat erosion, valleys cut : mcreas^ rainfall. 

(3) Mlling of these early valleys by coarse breccia, on large scale for a 
long period : little or no rain. 

(4) Re-establishment of more favourable conditions, trees and ferns 
growing on plateau and scarp, tufa, gravel and silt deposited on the breccia : 
..soinp_ rain.. 

v(5| Intense erosion, accompanied by formation of a gravel sheet ; 
mamaum of moist conditions. 

(6) Aggradation of silt and gravel, due to decrease in precipitation, 
followed by tufa formation ; less rain. 

Erosion of earlier deposits, main topographical features established : 
more' rain, secondjnaximnm on the rainfall curve. 

(8) ' Aggradatimi of silt and gravel, followed by tufa ; less rain. 

(9) Erosion on much smaller scale than before, followed by formation 

of 7 m. gravel terrace : slight humid oscillation followed by a drier phase, 
final conditions drier than in (8). ’ 

^(lO) Erosion on stfil smaller scale, followed by formation of 5 m. gravel 
terrace ; very slight humid oscillation, followed by dry conditions leading 
up to those of the present day. 

This climatic sequence admits of an interesting interpretation in the light 
of the radiation curves. This interpretation is put forward here not as a 
final solution for the chronology of Kharga Oasis, but as an illustration of 
the fact that the astronomical theory of the Pleistocene is not inconsistent 
with the geological evidence found as far south a9 2 5^j!Oat. 

Whilst it is difficult to assess the relative inteniiflS of the earliest damp 
phase, Miss Gardner has obtained a remarkable result concerning the last 
four. They were successively less intense (phases 5, 7, 9, 10). Now, these 
damp phases were preceded by a period of deposition of breccia, which 
might well represent a prolonged period of dry conditions resembling those 
of the present-day and, therefore, the Last Interglacial. This suggestion 
of a rough chronological placing of the later E^harga deposits would imply 
that there were four damp phases since the Last Interglacial, each weaker 
than its predecessor, and the last being decidedly very weak. 

It is interesting to note that the radiation curve for 25° N, (Fig. 52) 
shows, in fact, four summer minima of decreasiug intensity at 116,000,. 
94,000, 72,000 and 22,000 years B.P., the minimum.of 94,000 being one that 
is inconspicuous further north, but which becomes the most intense of all 
four as one approaches the equator. It is tentatively suggested, therefore, 
that jn the desert zone at 25® N,, the climatic. ejOPects.of th e chan ges of bo 1» 
raffiaKcS“'“wOTeTiofTaffiSI!y'^^ onTSEe'aouthei^^ oT' 
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of radiation produced, an increase of rainfall. It is fnrtiier conceivable tliat 
plBseS (5), (9| and (10) 'of Kharganre'the three pluvial phases which represent 
the three phases of the Last Glaciation in Europe. The existence of a weak 
terrace corresponciing to LGL, evidence for which is absent from the southern 
part of the Mediterranean, is easily understood If one considers the great 
differences prpdu^d in the desert climate by even a very moderate amount 
ofTainM. 

SotrrH-WssT Ababia,— In South-West Arabia, about 15° north of the 
equator, a sequence of wetter and drier phases has been recognized. Only 
two expeditions have paid attention to the problem of fluctuations of the 
Pleistocene climate, that of the- Egyptian University to Yemen (Huzayydn, 
1937) and the Lord Wakefield Expedition to the Hadhramaut (Caton- 
Thompson and Gardner, 1938, 1939). The evidence available points to a 
Pleistocene climate marked by two major piuvials of which the earlier was 
more intense, each of which may be subdivisible into at least two subphases. 

It must be kept in mind that the climate of south-west Arabia is at 
present comparatively diy because of its position near the northern edge of 
the monsoon belt. The possibiMty, therefore, that the pluvial phases of 
south-west Arabia were caused by a shifting of the monsoon zone has to be 
considered. The repeated displacement of the caloric equator as calculated 
by Milankovitch (i938a, 5) alone renders this type of climatic change 
probable. On the other hand, the oscillations of solar radiation, and 
particularly their distribution over the seasons, are likely to have influenced 
the Pleistocene climate of this area. The amplitudes of the fluctuations 
were often much higher than in the northerly latitudes. Thus, there are 
several theoretical reasons for the occurrence of wet phases in southern 
Arabia during the Pleistocene, but it is impossible at present to disentangle 
them, especially since the geological evidence needs fisher substantiation. 

Tbopical Afeica. — Crossing the Bed Sea to Abyssinia, we enter the 
asone of the tropical climate, where a definite rainy season occurs once or 
twice annually, Abyssinia, whose chinate is much modified by the moun- 
tainous nature of the country, lies in the northern belt with a single rainy 
season during the summer of the northern hemisphere.* As one goes south 
the rainy teason extends over a larger part of the year, but the maximum 
of the rains still occurs in north-summer. 

Between about 5° N. and 5° S. lat.,rain fails at all seasons, but there are 
two distinct maxima, in March-April, and in November-December, This is 
the equatorial zone proper, in which one finds the tropical rain forest most 
typicaly developed, fii East AiErica, the climate of this zone is again 
modified by altitude and oth^ factors, and much drier than one would 
expect, but the distribution of ihe rains is not obscured (see Koppen, 1931, 
fig. 21), Kenya, Uganda and Tanganyika belong to this zone. South of 
this equatorial zone a reversal takes place, there being one single maximum 
of rainfall, in south-summer (December to April), and a more or less pro- 
nounced dry season from July to October. . . 

It is necessary to visualize that the climates of this part of the world 
vary much more with the latitude than for instance in Europe'. The differ- 
■s once of the climates of, for instance, southern England and southern Norway 

One of the complications of the Abyssinian climate is the presence of two Tna.-yiTytft. 
of rain, as observed in the equatorial zom, as far north as 9-10® N. lat. 
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is negligible compared with, that of, for instance, the northern frontier of 
Uganda and Khartoum, where the rainfall dwindles to a tenth of the amount 
observed in Uganda, Similarly, local differences due to topographical 
features can be very great. 

For this reason it is exceedingly difficult to interpret climatic fluctuations 
established, or suggested, for any of the tropical :^ones. It is equally risky 
to’ correlate' over distances of several hundred : kilometres. Before elabo- 
rating this point, some instances of the. kind of evidence produced for oscil- 
lations of the Pleistocene climate in tropical Africa may be given. They are 
of two kinds, namety, (a) lake terraces indicating changes in the size of bodies 
of standing water; (6) fluviatile and eolian deposits and soils indicating 
changes in the amount of run-off* and of moisture avaiiabie on the land- 
surface. 

Abyssinia. — ^Abyssinia is the latjest of the East African countries to be 
explored. Nilsson (1940 ; review of his work by Kent, 1942} found that 
the basin of the lakes called Zwai and Shala exhibits an ancient beach 150 m. 
higher than the present water level, cut into older Pleistocene deposits and 
believed to be of upper Pleistocene age. There are numerous intermediate 
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last pluvial epoch [post-pluvial 

Fig. 65. — ^\"ariations in the levels of the lakes in the Naknru Basin, Kenya, dxiring 
the Last Pluvial epoch, as determined by Nilsson, After Nilsson (1940), 
modified. 

beach-lines between the highest and the modern level, to which .we shall 
refer again later on. 

Similarly, Lake Tana^ which is considered to have been dammed up by 
lava flows duriug the last interpluvial, exhibits a succession of beach hnes. 

Kenya. — ^In Kenya, as in neighbouring Uganda, important work has 
been done. Both countries are within the equatorial zone with double 
rainfall maximum, but on the whole their present climate tends to be 
drier than one would expect it to he on theoretical grounds, 

Nilsson (1940) studied in detail the deposits and beaches of Lakes 
Nakuru and Naivasha, situated in the Kenya branch of the Rift immediately 
south of the equator. These lakes formed one great lake at certain periods. 
The beaches are arranged in a sequence of descending levels which, accord- 
iug to Nilsson, are all of upper Pleistocene age and represent the oscillations 
of the climate during and after the last pluvial (Fig. 65). 

Nilsson undertook to correlate the stages of the Nakuru-Naivasha basin 
of Kenya with those of the Zwai-Shala basin and of Lake Tana in Abyssinia 
(and also with the Fayum). In doing so, he used the differences between 
the heights of successive lake-levels. Represented in the form of a graph 
(Fig. 66), they show a reasonably good agreement, especially between Lake 
Nakura and the- Zw^i-Shala basin. , At first sight tMs agreement suggests 
a common climatic cause for these consecutively lower lake-levels in East 
Africa, and it is thus interpreted by Nilsson, but the difficulty of establish- 
ing the intervening low lake-levels for all the areas compared leaves a 



successive lake-levels in the 
basins of Haivasha (nv) and Nakum (nk) in Kenya, Zw&i and Shala (zb) in 
Abyssinia, and Lake Tana in Abyssinia. Vertical scale, 10 metres. After 
Ki&on (1940), modified. 

climatic sequence which recognizes two major plnvials, each with two sub- 
phases, and separated by a major dry phase or interpluvial, and followed 
by two moist after-phases (1934:). This is, in fact, mncE the same sequence 
as that’ of Kenya, since Wayland’s second pluvial combines the Kamasian 
and Gamblian pluvials of I^akey. Wayland regards the question of two 
or three pluvials largely as one of definition : Available evidence points 
to two main pluvials, the second of which (and perhaps the first) was a 
double one or, according to how one defines a pluvial period, three plnvials 
and two subsequent epipluvials (Wayland, 1939, p. 145). This sentence 
sums up in a cautious manner the results so far obtained in Kenya and 
Uganda. 
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serious uncertainty to be overcome. In any case, however, a towards 
establishing a chronology founded on geology irrespective of archseoiogical 
considerations is opened here. ^ 

' Nilsson^s earlier work further provided the basis for the climatic sequence 
which I^akey (1931, 1936) uses in connection with his arch^ologic^ work. 
It is bas^ in part on lake levels, in part on cave deposits, aE situated in the 
Nakum-^Naivasha basin, and distinguishes three pluvials, each vrith two 
maxima, foMowed by two after-phases (Fig. 69). ^ 

Uganba.-— I n Uganda,- Wayland’s" ■■valuable work has-' resulted -in a 
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It shows that some of the duplications of the pluvial phases {as accepted 
by Leakey) are stMl disputable. It further emphasizes, by giving preference 
to the system of two (instead of three) major pluvials, the position of the 
major interpluvial, into which h© places the Kaiso deposits of the Lake 
Albert Rift valley. These deposits contain a fauna which, on Hopwood's 
palseontologicai divisions of the East African Pleistocene, can be called 
■early middle , Pleistocene. 

More recently O’Brien published the results of his archaeological work 
in Uganda, which was carried out with the co-operation of Solomon as a 
geologist (O’Brien, 1939). These authors claim that the succession of 
pluvial and dry phases as proposed by E. J. Wayland is of little significance. 
Solomon thinks that the geological features of the Uganda deposits can be 
explained satisfactorily by means of tectonic movements (tilting chiefly) 
causing submergence and emergence, swamping or drowning of valleys and 
even reversal of the flow of certain rivers. Though O’Brien and Solomon 
tend to emphasize how much their stratigraphical scheme differs from that 
of Wayland, they admit on many occasions that climatic fluctuations did 
occur. Wayland, on the other hand, is fully aware of the influence of 
tilting and other tectonic movements. It is therefore likely that the two 
schemes will eventually be merged into one. 

The approach taken by O’Brien and Solomon, however, illustrates on© 
of the most formidable difficulties encountered by Pleistocene geology in 
East Africa, viz. the interference of tectonic movements, mostly connected 
with the formation of the great Rift vafleys. Many of the deposits on which 
the stratigraphy of the East African Pleistocene is based lie either in the 
western, Lake Albert-Lake Edward-Lake Tanganyika Rift, or the ©astern, 
Lake Rudolf-Lak© Naivasha-Lake Natron-Lake Eyasi Rift. The main 
phase of formation of these rift valleys was a late event in geological history 
and connected with a great display of volcanism. It has been regarded as 
Pliocene or as late as middle-upper Pleistocene. 

Tais-ganyika. — ^The most complete record in any one area of events 
connecting the history of the Rift with the climatic succession and the 
evolution of the fauna has been found in northern Tanganyika, under about 
3® S. lat,, at Olduvai (usually spelt Oldoway). Whilst the human skeleton 
which Reck excavated at this locality in 1913 (Reck, 1914) is now regarded 
as a burial placed into the relatively early horizon (2) in later times {I^akey, 
Reck, Boswell and Hopwood, 1933 ; Leakey, 1936, p. 172), the sequence of 
deposits, which totals 80-100 m., has been checked and confirmed by a 
number of experts and found to be as follows (beginning with the latest) : 

( 5 ) Terrestrial, often loess-like, deposits covered by steppe-lime, a soil 
of a concretionary nature. 

( — ) Unconformity, representing a time of erosion during which valleys 
were cut into the preceding lake deposits. 

(4) Volcanic tuff, deposited or redeposited in water. 

(3) About 15 m. of red, tough rock, containing lenses of pebbles. 
Deposited in water. > ' ■ 

(2) Volcanic material, similar to (4), 12 m. thick. 

(1) Very thick basal complex, of Numerous layers of volcanic tuff,, 
apparently deposited on land. , 

The view is generally held that the lake deposits (2 to 4), were laid down 


2U 


THE TLEISTDCE2!?B PEEIOP 


during a major pluvial. The lake was succeeded by a major phase of 
faulting, which lowered part of the adjacent country and initiated the period 
of erosion which intervened between (4) and (5). Reck (arfter 1930) considers 
this late period as the chief period of formation of the Rift valley, whilst 
other workers, though admitting ■ the importance of tMs tectonic phase, 
still regard the main faulting, which produced the first rifts, as pre-Pleisto- 
cene. 

In recent years the Olduvai series has been extended into the past by 
the terrestrial LaetoMl Beds found south of- the Oiduvai gorge, towards 
Lake Eyasi. These beds are subaeriallj deposited volcanic tuffs, and contain 
an exclusively terrestrial fauna, including an elephant which is more primitive 
than the form of E. antiquus encountered in the Olduvai series {Mkphas 
aff. phmifrom Faic. and Caut.). The area of the Laetolii Beds has been 
studied in detail by Kent ( 1941 ), and its contained elephants have been 
described by Macinnes (1942). Kent’s summary is of particular value 
tocause it relies on a greater amount of geological research, considering the 
several expditions which worked in the area and the working out of their 
results (compare Hopwood, 1933 ), than the stratigrapHcal sequences pro- 
posed for other areas in East itfrica. 

East Axeica : Stdmiabv. — ^The evidence for climatic .fluctuations in the 
PMstocene of East AjBrica is as promising as it is, as yet, unsatisfactory. 
The chief difficulties are (a) that of establishing a detailed relative chronology 
of climatic changes based on single sections or localities, and (b) that of 
correlating the localiti« with one -another. 

It may h& argued that (a) has been successfully overcome in several 
places, but it appears to me that more attention will have to be paid to the 
dimMie character of the deposits. In areas, for instance, where lakes were 
formed by faulting, lake deposit in a section need not signify a pluvial, 
and in a tropical climate with a dry season lasting for several months, 
w.ind-bome dust-deposits need not -indicate desert conditions. The study 
, of buried soils will probably help 'here, too, as it has done in Europe. 

As regards (6), correlations 'can' be based either on the succession of 
climatic events, on tectonic phs^, on the contained human artifacts, or 
cm the faum. Relying on the climatic sequen<» means, in view of the 
difficulty (a) to rely on something the regional character of which we are 
hoping to establish, and the 'same applies to the succession- of human 
industries. Both, therefore, should be excluded, at any rate for the time 
being. Tectonic phases are most helpful, espeoiafly in correlating over 
Bho^ dist«iees, but whether eertoin phases of rift formation were absolutely 
contemporary relative to the suspected pluvial phases, for instanw, in 
Kenya and in Tanganyika, is difficult to prove. I am inclined to think, 
therefore, that, although work 'On tectonic phases and on pluvials has to be 
continued and intensified, the only halfway reliable stratigraphical clue 
to the East African Pleistocene is provided by paleontology. As in Europe, 
so in East Africa, do the mammalian faunas indioate the approximate level 
in the Pleistocene. In Europe, the lower, middle and upper Pleistocene 
can be distinguished by means of the associations of species occurring in 
the respective beds (p. 17fi) ; • 'in East Africa a corresponding division is 
possible, though the lower, ' middle and upper groups In East Africa need^ 
not be, and probably are not exactly contemporaneous with those in Europe. 
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For East Africa, lioweYer, such divisions . based on the evolution of the 
fauna provide a means of classifying , stratigrapMcally any deposit containing 
a fauna. A detailed relative chronology cannot be arrived at in this way, 
but it is certainly advisable to obtain a general idea of the relative ages of 
the deposits before proceeding to a more detailed correlation. 

Most of the palaeontological work- has been done by Dr. A. T. Hopwood, 
who most kindly contributed the following, lines summariaing the paleonto- 
logical evidence so far obtained from the' Pleistocene of ■, East Africa : 

The tlxree divisions of the East African Pleistocene may thus be defined. 

'"Upfer Pleistocene, containing the modern* fauna, with the African 
Elephant as a late invader from outside the area. 

Middle Pleistocene, with ElepJms anliqnus rechi mA Hippopotamus 
gorgops. Chalicotheres, Mastodonts and Deinotheres are occasionally 
found; they are survivals from earlier times. 

Lower Pleistocene, containing Stegodon, primitive elephants of the 
planifrons-meridionalis-type, and two species of Hippopotamus, namely, 
H, gorgops and H. imaguncula, Mastodonts and Deinotheres are not 
infrequently found, but Chalicotheres are rare. 

One or two genera of the Hipparion-gcoup and one or two species of 
zebra occur throughout the Lower and Mddle Pleistocene, but only the 
zebras continue into the Upper Pleistocene. 

The Upper Pliocene has not yet been recognized anywhere in the area.’^ 

B. CLBIATE AND RADIATION IN THE TROPICAL ZONE. 

Pleistocene geologists tend to regard the equatorial zone as one whole, 
and the apparent fluctuations of the climate during the Pleistocene as 
contemporaneous within the limits of the equatorial zone. Some workers * 
have gone further and correlated these fluctuations with those of the 
Mediterranean zone (Nilsson, etc.) or even with the glacial and interglacial 
phases of Europe (Leakey, etc.}. This procedure is based more on wishful 
thinking than on evidence proving contemporaneity. A priori, there is no 
reason why pluvials of the tropical zone should, or should not, be contem- 
poraneous with those of the Mediterranean or with the glacials of Europe, 
and the deplorable fact that evidence regarding this point is completely 
lacking is most generally overlooked. 

It is useful, therefore, to see what the astronomical theory suggests. 
The most obvious questions arising are (a) do the fluctuations of solar 
radiation in the tropical zone support the idea of pluvials, and (6) if so, do 
the radiation curves suggest contemporaneity of equatorial pluvial with 
European glacial phases ? Furthermore, if the answers to {a) and (6) are 
unsatisfactory, (c) does the astronomical theory suggest an alternative 
explanation of the climatic fluctuations in the tropics ? 

Fluotuatiohs of Rabiaxioh m Tfln TBOmoAU Zoh®. — (a) The radiation 
curves’ for' the -summers of 5® N. .and 5^ S. lat. i^how fluctuations which are 
exactly opposed, a summer with increased radiation on S'" N. corresponding 
to one with decreased radiation on 5® S. But since north-summer and south- 
summer differ by a period of 6 months, it is the winter-curve of the southern 
latitude which coincides in time with the summer-curve of the northern 
latitude. These- two curves ramble each other so much that we can safely 
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select the summer-curve of 5® N. for the radiatioa remved by the equatorial 
zone in the summer half-year of the northern hemisphere (approximately 



Fia. 67. — Summer (full line)- and winter (broken iine) radiation on 5° lat. for 
the last 200,000 years. Based on tables by Milanko%dtch (1938c?, b), (The 
rectangular kink of the summer curve at 45,000 b.p, is perhaps due to a 
misprint in the table. This cannot be ascertained for the time being.) 

ApiH to September) and the summer-curve of 5 ’^ S. for tb© winter half-year 
of the northern hemisphere (approximately October to March). 
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Tile summer-cErve of 5® N. (Fig. 67) shows' that, at certain times during 
the Pleistocene, over 1000 canonic nnits were received-in excess of the present 
amomit, whilst at other times a deficit occurred which rarely exceeded 
600 canonic units. ^ Thus, the amplitudes of the fluctuations of solar radia- 
tion in the equatorial zone were 50 to 100 per cent, greater than in temperate 
Europe. " ’ 

on the equatorial climate of these fluctuations has not yet 
been worked out. It is a presumably difficult - task which awaits a tropical 
meteorologist. For the time being it is impossible to say how an inorease 
or decrease of seasonal radiation would modify th^ present equatorial 
climate and, in particular, which conditions might produce the appearance 
of a pluvial in geological deposits. 

If, however, one assumes that the periodical increase or decrease of 
seasonal radiation did cause the pluvial phases, one can hardly escape the 
conclusion that there were about 28 pluvial phases during the last 600,000 
years, for this is the number of maxima (or minima) of summer radiation 
in the equatorial zone. 

The geological evidence with its two or three major pluvials does not 
particularly point in this direction, though one has to keep in miiid that 
even in Europe fifty years of stratigraphical research were required to estab- 
lish the detailed relative chronology of the Pleistocene. The numerous 
lake levels found by Misson for the upper Pleistocene of East Africa are the 
only conceivable expression of frequent oscillations, but their descending 
order is not in good agreement with the radiation curve (compare the last 
maxima in Pig. 67 with Fig. 65). 

Problem of Coktemporakeity of Pluvial and Glacial Phases. — 
(b) Whilst question (a) thus has to remain unanswered, the question (b) of 
the contemporaneity of equatorial pluvials and European glacials can be 
more satisfactorily dealt with. 

A glance at the radiation curves for, say, 5® N. and 75® N. shows that 
only some of the numerous oscillations of the tropical curve coincide with 
some of the relatively few oscillations of the arctic curve. If, therefore, the 
tropical pluvials do depend directly on oscillations of solar radiation, con- 
temporaneity with a glacial phase will occur in exceptional cases only. 
And if the pluvial phases of the tropics depend on factors other than radia- 
tion, contemporaneity is even more unlikely. 

Thus, it has to be admitted that neither the interpretation of the major 
pluvials nor their correlation with the glacial phases of Europe can, for the 
time being, be based on the radiation curves directly. There is a slight 
chance, however, that the minor oscillations evidenced by Missonis lake 
levels can be dated eventually by means of the radiation curves. 

Caloric akd METEOBOLoaiCAL Equators.— (c) Fortunately the astro- 
nomical theory suggests another possible source of the fluctuations of 
the tropical olbnate between dry and wet. This is the periodical movement 
of the caloric equator. 

It is well known that the belt of the calms or of rising air of the tropical 
zone lies a few degrees north of the geographical equator (average about 
5®, more on contiaents, less over the oceans). The cause of this asymmetry 
has generally been sought for in the more intense circulation of the atmo- 
sphere of the southern hemisphere, owing to which the belt of the equatorial 



calms lies nearlj eTerywhere slightly north of the geographical equator, 

This belt of the calms is called meteorological eqtmfor. 
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Fia* 68.«*-!Positiona of the caloric equator relative to the geographical 
for 600,000 years b.p. Horissontai line, present position. Black ; p 
displacement north of present position. Hatched : phases of displ 
south more than 7 degrees from the present position. Based on 
Milankoviteh (19386, p. 662)* ' 
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displacement to the position of the belt of minmiim animal fluctuation of 
radiation, which at present lies at about This belt is called the 

caloric equator. 

The position of the caloric; equator, which- is considered as a contributory 
, cause, of the meteorological equator not only by. Wundt, but by Spitaler also 
(1934), is not stable. Its changes have been calculated by Milankovitch 
{1938a, b ) ; they are here given in the form of a graph (Eig, 68). 

If, then, the position of the meteorological equator and with it that of 
the equatorial zone with two rainy seasons depends on the position of the 
caloric equator plus the displacement produced by the more intense circu- 
lation over the southern hemisphere, the position of the caloric equator at 
any moment during the Pleistocene will give us a rough idea of the position 
of the climatic zones of the tropical belt. Expressed differently, a northward 
displacement of the caloric equator from its present position at 3^ X. lat. 
will bring increase of rainfall to those latitudes which now lie on the northern 
outskirts of the belt of tropical rains, such as the Sudan, whilst a southward 
displacement will have the reverse effect. On the southern outskirts, 
however, the same displacement will bring drier climate, whilst the south- 
ward displacement will bring more rain. The effects of the movements of 
the caloric equator are opposite on the two hemispheres. 

The effects within the zone of tropical rains are difficult to estimate. 
A locality will pass from the belt with two rainy seasons into one of the belts 
with one rainy season, or vice versa. It is of very little use to speculate 
further on these effects ; they will have to be worked out by a competent 
meteorologist. 

It is apparent, however, that the movements of the caloric equator have 
to be considered as a possible, and perhaps very important, cause of climatic 
fluctuations during the Pleistocene. Periods during which the caloric 
equator lay, at frequent intervals, farther north than at present are marked 
in black on the diagram (Fig. 68). 

Their grouping is not entirely unlike that of the pluvial phases of Kenya 
and Uganda as suggested by Leakey and Wayland, so that the climatic 
significance of the caloric equator certainly deserves a closer study, 

SuMMABY : Tbopical Zone, — The main purpose of the preceding survey 
of the tropical zone of Africa and of the possibilities of dating suggested by 
the astronomical theory lies in the warning it sounds to aU who are inclined 
to correlate rashly on insufficient evidence. Whether the astronomical 
theory is applicable to the tropical zone or not, much geological work is 
needed first, m order to establish local climatic successions. In doing so, 
one has to keep one's mind free from preconceived ideas like the contem- 
poraneity of tropical pluvials and glaciations with the glacial phases of 
Europe, and the climatic significance of the various types of tropical Pleisto- 
cene deposits has to be established also. Much promising work lies ahead 
here, but it will require a gpod deal of patience before detailed correlation 
can be successfully carried out. . , 

Independently it will be necessary to enter upon a study of the theoretical 
modification of the tropical climate by the fluctuations of solar radiation 
and by the movements of the caloric equator, if such work is at all possible 
at the present stage of tropical meteorology^ . 

It is probable that before this programme can be carried out, some 
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measiim of correlation will be achJewd bj-ineaas/ of/the'.nMc^ 
sea-levels of the Pleistocene {see Chapter IX)* 

c* SOUTHERN AFRICA.' 

Rhodesia. — ^At the southern 'edge of the. tropical 'zoiiej a. snocession. of, 
climatic phases has been worked out for the district of . the , Victoria ..Fafls 
{Amaskong, Jones and Maufe, 1936 ; Cooke and Clark, 1939). Cooke and 
Clark arrived at a series of dr}" and wet phases (Fig. 70), which resemble in 
some respects those of South Africa. .Malan (1943) rightly remarks that 



Fio, 69. — Fluctuations of rainfall intensity in Kenya, according to Leakey (1936). 

Fia. 70. — Fluctuations of rainfall intensity at the Victoria Falls, Rhodesia, 
according to Cooke and Clark (1939). * 

Fig. 71. — Fluctuations of rainfall intensity in the Vaal River Basin, South Africa, 
according to Sdhnge, Visser and van Riet Lowe (1937). Earliest wet phase, 
preceding the so-c5lIed First,*" not shown. The superposition of Figs. 69 
to 71 does not imply a correlation of the pluvial phases of the three areas. 

this serves '' to bring home to ns the dangers of assuming too wide a geo- 
paphioal extension of the climatic sequence established for any particular 
confined geographical area.*' 

Sooth Africa. — On entering - the Union of^outh Africa we reach a 
country more promising than any other country outside Europe. It lies 
in the climatic belts wMch correspond, on the northern hemisphere, to the 
dry belt of the Sahara and to the Mediterranean zone. The dry belt of 
South Africa is much less pronounced than that of the Sahara, and large 
portions of it receive a fair ^amount of rainfall in summer. The summer 
maximum of this region, which oovera the Transvaal and the Orange Free 
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State about 25° S. lat/wbere the geological work to be mentioued presently 
has been carried out, Hiiks it with the tropical, asone with a single rainfall 
maximum as exemplified by Rhodesia. 

Irrthe extreme south, however, as exemplified by Cape Town {34° S. lat.), 
the climate is of the Mediterranean type, with the rainfal maximum 'in 
wmter and with a dry summer. A 'theory of the ' climatic fluctuations in 
South Africa has to take into account the existence of these two types of 
cMmate. 

The Vaal Rivbe Suevet. — ^The succession of human mdustries in 
relation to climatic phases has been the subject of a comprehensive survey 
organized by the Bureau of Archaeology and the Geological Survey of South 
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Fig. 72.— -Curve of summer radiation for 25® S. lat. Based on tables by 
Milankovitch (1930). . 


Africa (Sohnge, Visser and Van Riet Lowe, 1937). These authors studied a 
portion of the valley of the Vaal with its terraces and sub-aerial deposits. 
An earliest pluvial is evidently composite, since while on the whole erosion 
prevailed, deposits of ** Older Gravels ” were aggraded from time to time 
(van Riet Lowe, 1938, p. 439). An extinct species of elephant comes from 
this complex. 

The earliest pluvial was succeeded by a dry phase (deposition of the 
Kalahari Sand), after which the so-called Krst Wet Phase witnessed the 
formation of the Younger Gravels (Fig. 71). This pluvial has been divided 
into three phases. Two further wet period have been distinguished. The 
final phase indicates a slight increase of dampness. 

■ Radiatooh Cueves foe Souih AFEtOA.^Kg. 72 gives' the- summer 
radiation for the latitude of 25° S., approximately that of the Vaal River 
Valley, It will he noticed that, at present, the Vaal area enjoys a relatively 
high amount of radiation in summer (coupled with a relatively low amount 
in winter), and that on the whole during the Pleistocene summer radiation 
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was lower (and winter radiation higher) than nowadays. The climatio 
effects of these deviations have; not yet been worked out, though this is no 
doubt possible. 

The minima of summer radiation, or times of small differences between 
sniamer and winter, are always'.; -coincident with phases of an extreme 
southerly position of the calorie equator. The latter finctuation may 
conwivably have brought more summer rainfall to the Vaal Basin, incor- 
porating it temporarily in the belt of tropical rainfall ; it was very consider- 
able at times, attaiaing twice in the last 600,000 years to more than 11 degrees 
of latitude and not less than 15 times more than 7 degrees' (see Fig. 68). 
The coincidence with a southerly position of the caloric equator of summer 
minima of radiation may have reduced evaporation, the two factors together 
requiting in a wet phase. This interpretation is here put forward in a most 
tentative manner, since the effects of the fluctuations of radiation are bound 
to be very complex. In Europe, in a higher latitude, the amplitudes of the 
fluctuations vary much more than they do in South Africa, relatively close 
to the equator, and some of them which caused the glaciations in Europe 
had secondary effects on the climate which overshadowed the minor fluc- 
tuations. This overshadowing of minor fluctuations need not have occurred 
in ....South .Afirica. . .. 

In South Africa, therefore, it will be necessary to account for a large 
number of fluctuations of solar radiation, leaving evidence of relatively few 
climalic oscillations in the geological deposits. It is, of course, possible if 
not probable that future geological research will reveal further subdivisions 
of the four major phases so far recognized. The second First Wet Phase 
of South African geologists) has already been divided into three subphases, 
and van Riet Lowe’s remarks (1938) suggest that the same will be possible 
for the earliest, the period of the Older Gravels. The existence of groups of 
pluvials, therefore, has to be explained. 

This raises a very interesting though somewhat speculative point. If 
the assumption is correct that the wet phases were those of an extreme 
southerly position of the caloric equator coupled with small seasonal 
differences of radiation, the curves (5%s. 68 or 72) show clearly periods 
during which such conditions were particularly intense at frequent intervals. 
There were four or five periods of this kind, between 80,000 and 225,000 
(with a phase of less intensity in the middle), between 290,000 and 315,000 
(a relatively weak period), between 440, OCK) and 490,000 and between 
435,000 and 600,000 B.P. I do not wish to say that this suggests any 
particular correlation of the geological evidence from the Vaal River with 
the radiation curves, but it certainly opens up a way for further chronological 
studies. ,■ .......... . „. . :.... , , . . . ' , 

It may be objected that the periods mentioned were, at the same time, 
periods when the caloric equator frequently moved into extreme northerly 
pKMitions and when the radiation attained extreme seasonal differences. 
This is certainly true, but the. effects of these deviations from the present-day 
conditions were much smaller than those of the southward movement of 
the caloric equator and of the summer minima of radiation. The northward 
movement of the caloric equator exceeded 5 degrees of latitude only once 
(Its southward movement exceeded 11 degrees twice), and. the summer 
maxima of radiation exceeded + 500 canonic units only twice, compared 
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with 26 minima of — 500to — 1200 caiionicmits.'' One appears to be justified, 
therefore, in laying greater, emphasis on the southward movements of the 
oaloric equator and the summer minima of radiation. 

Moreover, it may be that extreme northerly positions of the caloric 
equator extended the zone of winter rains which is at present confined to the 
extreme south of South Africa to lower latitudes. ■ This is another meteoro- 
logical problem which requires examination. ■ 

In concluding these speculations on the astronomical theory as applied 
to the South' African Pleistocene it is- worth mention that, for the last 
10,000 years, summer radiation has been on the increase and the caloric 
equator moving away from South Africa. In accordance with the inter- 
pretation here proposed, this would mean increasing desiccation. This 
movement, however, came to a standstill at about a.d. 1200, and both curves 
are now returning from the minor maximum of this date. 


W SBO 560 5M 520 SOO +80 +60 m UQ +00 380 360 3+0 320 300 280 260 2+0 220 200 180 160 1+6 120 100 80 60 +0 20 
THOUSAND YEARS BEFORE PRESENT 


Fiu. 73. — Curve of summer radiation for 75° S. lat. 

Milankovitch (1930). 


Based on tables by 


n. ANTARCTICA. 

Finally, the glaciation of the Antarctic continent has to be discussed 
briefly (Zeuner, 1938). The radiation curve for the summers of 75° S. lat. 
i(Fig. 73) reveals that a minimum which occurred about 10,000 years after 
the minimum of LGh of the northern hemisphere (in 105,100 B.P.) was the 
most intense of all. Since the excess of ice during the Last Glaciation over 
the present volume was, according to Daly (1935, p. 46), 4 million cubic 
kilometres, the present amount being 12 million cubic kilometres, it appears 
that the excess of ice accumulated on Antarctica was at no time during the 
Pleistocene more than one-third of the present volume. 

Furthermore, the radiation curve for 75° S. lat. is composed of 17 long 
periods of intense minima of summer radiation alternating with 17 short 
periods of weak maxima. It is likely, therefore, that glacial conditions 
persisted throughout the Pleistocene oh the Antarctic continent, and the 
variations from the present ice- volume never exceeded one-third either way. 
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The Antarctic glaciation was much more permanent than any other, and its 
influence on the climates of the southern hemisphere must have been rela- 
tivelv stable. Also, the amount of water released from, or absorbed by, 

tlio Antarctic icc-cap, compared with those of other icc-caps, was relatively 
msigEifioant. As I 'undertook to show in 1938, it was of the magnitude of 
13 to 17 per cent, of the total of'cnstatic fluctuation, if on© adopts conser- 
vative fignies, and there is reason to believe that it was usually much less^ 

than this* « , , r* i • a* ' i • 

These conditions, and the lack of other large areas of glaciation, explain 

•why the climatic history of the Pleistocene is dominated by the events that 
ocenrr^ on the northern hemisphere. Through the enstatic fluetnationg 
of the sea-level they exerted a world-wide influence, the chronological 
significance of which is beh^ realiased only gradually. It is necessary, 
therefore, to pay some attention to this phenomenon. 


CHAPTER IX 

THE ELUCTUATIONS OF THOB SEA-LETEL AND mE 
WOELD-WIDE EXTENSION OF THE ABSOLUTE- 
CHRONOLOGY OF THE PLEISTOCENE 

A. EUSTASY AND THE ELEMENTS OF ANCIENT SHORE-LINES. 

Exjstasy. — Eiistasy has beea the ■ ■predomiiiaiit idea in. the study of 
Pleistocene sea-levels. Tectonic uplift or depression of coast-lines, caused 
by isostatio readjustments, earth-movements connected with volcanism or 
earthquakes, or mountain-building and allied tectonic processes, have been 
observed in many places, but these movements are either local or restricted 
to certain zones. Where ancient shore-lines can be traced horizontally, 
sometimes over many hundreds of miles irrespective of stratigraphicai or 
tectonic units, it is diiScuit to assume tectonic movements, and the explana- 
tion that they are due to a rise or fall of the sea-level is the obvious one. 
The fluctuations of the sea-level in Pleistocene times can, in fact, he inter- 
preted satisfactorily by the eustatic theory, and, at least for the lower levels 
observed, glacial eustasy (rise and fall due to repeated release and absorption 
of water in the ice-caps) explains the observed facts very well Indeed. This 
theory is rather old ; it was recently discussed by Daly (1934). 

The amount by which the present sea-leyel would rise if ail the ice in 
existence should melt has been estimated at 40-60 m. (for details see 
Daly, 1934, p. 12). Ancient shore-lines, which are higher than this, cannot 
be explained by glacial eustasy. Baulig (1935) has emphasized this difficulty, 
and suggested that deformation of the basins of the oceans played some 
part in the process (p. 164). These questions, however, take us back to 
Tertiary times and even earlier periods of which our knowledge is not 
detailed enough to attempt chronological correlation. At any rate for the 
middle and upper Pleistocene the theory of glacial eustasy works well, and 
it is to these times that the following survey is chiefly restricted. 

Riveb-Pbokclss AjifD AxoxBNr SH03aB-Li:^BS. — Former sea-levels can 
be detected either by a study of the profiles of rivers running into the sea, 
or by the more direct method of investigating the deposits of ancient shore- 
lines and phases of marine submergence preserved in the vicinity of the 
present-day coasts. 

The longitudinal profiles of rivers have been used by many workers (for 
instance, Green (1936), Hanson-Lowe (1938), Jones (1924)). A combined 
study of aggradation terraces and kmokpoints, as outlined in Chapter I, 
enables one to estimate the height of the, seaJevel at the mouth of the river 
during certain periods. The, method! is applicable^ in th^. Tiertiary and 
perhaps the early Pleistocene, where considerable allowance can bo made for 
inaccuracies in the reconstructed profiles, the successive levels being 
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separated by many tens of metres. la the,, later Pleistoceae, boweverj tbe 
observed heiglits follow oae aaother laaeh more closely, and tbe margin of 
error bas to be correspondingly .smaller. , 

“Raised Beaches/’ — ^The term “raised' beacb ” bas been, applied to 
almost any feature indicating a sea-level ■ bigber tban tbe present.. . It is . 
not altogether satisfactory. If it is, used to .describe a. enstatic high level, 
it should not be called ‘'‘raised,’’ and often the feature preserved, is not 
part of a beach sensu Mricio, bnt a submarine deposit, or a fopil dune 
formed above sea-level, or an abrasional feature. The 'term ‘ ancient 
.shoreline ” would he more correct if restricted to the water-level to which 
the various deposits and formations refer, these being called what they 
really are, namely, fossil beach sand, shingle, marine mud or clay, etc. 



Fig. 74, — Elements of a sHore. Cross-section showing erosional features with a 
thin veneer of deposits. Based on Johnson (1938, Figs. 21, 22.) 

Evidence for ancient high sea-levels is afforded by one or several of the 
following elements : 

A. Destructional : Sea-cliff ; platform of marine abrasion or wave- 
cut bench ; the notch or undercut, often connected with sea-caves ; 
the line of rock- boring shells. 

B. Constructional : Submarine deposits from below low- water 
mark ; beach deposits (sand and shingle, often overlain by dune-sand) ; 
pebble- and sand-ridges (storm beaches), bars and spits. 

iny one of these may occur in the fossil state, single or combined with 
others, and if no statement regarding the kind of evidence relied upon is 
made by an author, any one of these elements may have been used. It is 
necessary, therefore, to discuss briefly the relations of the formations 
mentioned to the actual height of the sea-level. Papers have been published 
which say little or nothing about the way in which the height of the sea-level 
was determined, and often it is not certain whether high-water level, or mean 
sea-level, is referred to. Johnson (1931a} has made suggestions as to how 
work on ancient sea-ievels should be done properly. His treatise on the 
evolution of modern shore-lines (Johnson, 1938) is a valuable introduction 
to the phenomena involved. 

Destehotional Elements of CoAST-LiNEs.<:4)f the elements listed 
above, the sea-eliff and the sloping platform or bench in front of it are well 
known features of Recent shores (Fig. 74). The undercut at the base of the 
cliff is more rarely developed. Nevertheless it is important as it is some- 
times found connected with ancient shore-lines, and frequently associated 
with caves contaming fossils and the remains of early man. 
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Clibf . — Some steep cliffs reacb.,„far below sea-level, and they axe often 
very resistant topograpMcai features. The sea being deep immediately in 
front of such cliffs, the ordinary waves of oscillation (movement of water- 
particles up and down) are not, or to a small extent only, transformed into 
waves of translation {movement of particles in the direction of progression 
of the waves), and the erosional effect is correspondingly small. 

On the other hand, cliffs which adjoin a compara^tively shallow sea- 
bottom are exposed to the impact of powerful waves of translation and are 
cut back more or less rapidly, so that a wave-cut bench is formed. A 
supposed ancient sea-cliff, therefore^ must not be used for determining the 
height of the former sea-level, unless evidence for the platform, the undercut, 
or some other unmistakable feature is associated with it. 

Wave-cut Bench. — The wave-cut bench, or wave-carved platform,’^ 
has been employed most widely as an indication of former high sea-levels. 
The relation of this platform to the exact height of the water-level, however, 
is somewhat complicated. Some physiographers believe that it normally 
does not reach above high-water level. Yet Johnson (19316) has shown 
that on the coasts of isles in the Pacific the I- wave-carved platforms nor- 
mally have their inner margins from a few centimetres up to two metres 
or more above the level, of ordinary high tides.’* 

In fact, the height of the inner edge of the bench has not everywhere 
the same relation to the height of the sea-level. On shores with a heavy 
surf, where the action of waves of translation is intense, the abrading action 
reaches above the actual water-level, and the platform extends beyond the 
highwater mark, as was described by Johnson from the Pacific. On a 
much smaller scale the same feature may be observed on the coast of Essex, 
where the cliffs consist of London Clay and where the sea is shallow. I 
observed that the result of a few days of high winds from the sea was an 
undercut not less than 3 ft. above high-water mark, and the wave-cut bench, 
where exposed, met the cliff at about this height. This observation bears 
out Johnson’s view, but there are other shores on which the platform, is 
entirely covered by the high-water level. 

As an example for this type of coast the Channel Islands may be cited, 
and Jersey in particular. Here, the often extensive modern benches reach 
up to high-tide level, but no instance is known to me of their exceeding it. 
It is probable that the relation of the intensity of the translatory waves to 
the resistance of the rock and the steepness of the cliff determines whether 
the wave-carved platform exceeds high-water level or not. Along almost 
perpendicular, resistant cliffs its inner edge appears to remain well below 
high-water mark, sometimes by several metres.f 

In the Mediterranean Sea the tides are negligible (not more than about 
3 ft.). The wave-cut platform is, as a rule, submerged. In bays and in 
modem sea-caves it remains covered by two or. more metres of water, but 
where wave-action is intense, abraded rock-platforms emerge above sea-level, 
just as on the coasts of the open ocean. 

Prom such .observations it may be inferred that the wave-cut bench is 

* Johnson distinguishes from this the “ platform of abrasion,” this being the deep 
and permanently submerged continuation of the ** wave-cut bench.” 

t This is the case of ;a very narrow bench connected with a steep cliff, representing 
a “ youthful ” stage of shore erosion. 
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liormaUy submerged, and, at its^mner edge at the base of the cliff, reaches 
to a little below or above high-water mark or, in a non-tidai sea, seadevel. 
The margin of error implied in determining the height of an ancient sea-level 
from the inner edge of a bench is several metres, though it will rarely exceed 
4 m. 

Ekiges of fossE benches are frequently exposed in sections parallel to the 
modem beach* Seaward edges of such benches have provided a vast number 
of figures for ** raised beaches/" but they are nearly always too low* It is 
necessary to measure the height' of the inner e^e of the platform at the 
junetion with the cliff, and this spot is mostly hidden under beach deposits 
and talus. 

High- WAITER Liwee akb- .Meah Sea-Levee. — ^Another difficulty which 
has to be borne in mind is that, in a tidal sea, the inner edge of the platform 
is near high-water mark, whilst measurements, to be comparable, should 
refer to mean sea-level, both Recent and fossil. For the middle and late 
Pleistocene times with which we are chiefly concerned, it is safe to assume 
that the general movements of the tidal waves over the earth were the same 
as now. On open shores, as for instance the south-east coast of North 
America^ they are not likely to have differed much from those observed at 
the present day in phases with sea-ieveis moderately higher than that of 
to-day. In straits, channels and estuaries, however, greatest caution is 
advis^ in applying the present tidal range to a fossil shore-line in order to 
obtain mean sea-level. For the 7-5 m. and 18 m. levels in the English 
Chaimei, for instance, which run through the Straits of Dover, tidal con- 
ditions are likely to have been similar to those of to-day. For the 32 m. 
level of the same region this is less certain ; but the deviation is likely to 
have been small. But for any sea-level kwer than the present, the con- 
figuration of the coast-line of the English Channel cannot be assumed to 
resemble the present one, and the tides must have been very different. 
Each case, therefore, has to be critically studied, before half the (present) 
tidal amplitude is deducted from the observed high-water mark of a fossil 
shore-line, in order to obtain mean sea-level of the Pleistocene phase in 
questicm. ■ ' , 

UifBBBCOT, Notch, ob Groove. — ^The third erosional feature, which 
can be of use in the determination of ancient shore-lines, is the undercut, 
notch, or groove, sometimes observed at the base of a cliff, or in the wail 
of a cliff. Its height relative to the sea-levei at the time of its formation 
varifes with its position. 

Undercuts formed at the foot of a cliff extending parallel to the main 
orientation of the coast-line are entirely horizontal. They- are situated 
where the bench meets the cMff, but they form part of the cliff and therefore 
are higher than any portion of the bench. They are produced by the 
scouring action of the translatory waves carrying pebbles and sand, and 
where cracks or soft portions render the cliff liable to rapid destruction, 
sea-eaves may be formed which are thus directly connected with the undercut. 
This is why sea-caves play an important part in the work on ancient shore- 
lines. 

Undercuts in the position just described define the high-water mark (or 
mean water level in a tideless sea). Hfeeir exact height is oontroled by the 
same factors as is that of the inner edge of the bench (p. 227), and they may 
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lie from slightly above to slightly beiow'/ the average high-water mark 
concerned.. 

There are, however, nndercnts which bear no direct relation to the 
sea-leveL They are found in gtiUies .and long caves cutting into the land at 
right angles to the generai direction of the coast-line,' or on the sides of pro- 
montories. In these cases the rock- walls on which the undercut is being 
eroded extend parallel to the direction of movement of the waves, the swoop 
of which is intensified by the narrowness of the passage. The waves carry' 
shingle and blocks which rub against the walls and produce undercuts 
which, owing to the landward rise of the floor on which the material is moved, 
rise towards the land, sometimes quite considerably, and mark the line along 
which the rock-wall meets, or met, the sea-bottom. They may reach above 
sea-level or high-water mark, but they often lie very much lower. The 
gully undercut is really a special case of the wave-cut bench rather than of 
the ordinary cliff-undercut. Its height is of little use in defining ancient 
sea-levels except that it indicates the minimum height reached by the 
swoop of the waves. 

Hobizon of Bobfholes of Shells. — conspicuous feature, especially 
of certain limestone eaves and cliffs in the Mediterranean, is a marked line 
of perforations made by rock-boring bivalve shells {genera Pholas, Saximm, 
Liihodomus, Petricola, Gastrochcena), These shells are not confined in their 
activities to the sea-level, but their holes are sometimes found in abundance 
just below the water-line. Where, deeper down, a fur of calcareous algae, 
barnacles and sea- weeds is present, the weakening of the rock by the boring 
shells is concentrated at or just below the water-line, and an undercut is 
occasionally formed which may be very pronounced. As a rule, however, 
the holes are not crowded enough for a groove to be formed. In the Mediter- 
ranean, their absence above and presence below the water-line often affords 
valuable evidence for ancient high levels of the sea, particularly in caves. 

Ancient Shobe Deposits. — ^Apart from erosional features, deposits on 
the beach or close to it have been used widely in the identification of ancient 
shore-lines. These deposits can be classified roughly into marine (sub-tidal) 
deposits, ordinary beach deposits (tidal zone), and storm-beach deposits 
(above high-water level). 

SuB-TiDAL' Deposits. — Sub-tidai deposits occur at any depth below 
low-water mark. They can be distinguished, and to some extent the depth 
of their formation estimated partly on petrological, partly on moiluscan 
evidence. Generally workers have been careful not to regard as proof of 
an ancient shore-line this type of deposit, where it occurs above the present 
water level. It does, of course, indicate a submergence and gives a minimum 
amount for it. 

Beach Deposits. — ^Beach-deposits proper are mostly composed of sand 
or shingle, but below half-tide level muds are formed where conditions are 
favourable. In fossil beaches, sand or shiogle, or pebbles embedded in 
sand, found resting on a wave-cut bench, have commonly been considered 
as formations marking the exact height of the ancient sea-level. They 
should, however, be used with great caution. Such beach-deposits are 
frequent between high-water and low-water marks or a little above and 
below these limits, and the seaward under-currents of the waves and the 
flow of the ebb-tide may transport beach materiai to even greater depths. 
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Mr E F Guiton, of St. Helier, Jersey, has kindly informed me that m 
Jersey iter-wom pebbles reach to at least 2 ft. below sprmg-tide low-water 
levd coninnctten with the storm-beaches of the island, a range of at 
least 52 ft. is thus established for the modern beach 

is certainly exceptional and due to an enormous tidal amphtude, but it 

“"■Strvt’-SSfw, m.t.ri.1 i. Ota mtertedd.d wift tao. 

sands and tMe combination provides valuable evidence for the position of 

rlSt hlg^^Jater level/ In other cases fe fossil beach matoial m 
covered by solifluction deposits, coombe rock, head, 

petrology suggest that these were formed under ^ 

usually rest unconformably of the beach bec^, ^ J i , 

interpreted a section at Slindon, Sussex, as interbeddmg of beach sand and 

^°”stob^Bbachbs.— Beach-material, including marine fossik, is ^^jownup 
above high-water level by the waves, especiaUy in gales. 
or sand ridges on many modem beaches bear witness to this and so do the 
spits and bars built up from headlands or across the mouths of rivers, ihej 
provide an idea of the maximum height to which manne material can be 
thrown up A very striking example is the famous pebble ridge cafed 
SsTbS, nea^Portland.^ It is 16 miles long and 170-200 yards wide, 
and in its highest part up to 42 ft. (12-6 m.) above high-water mark 
A fossil pebble deposit, therefore, gives little help in finchog the he^ 
of m ancient shore-line. It may be part of a storm-beach or a residual 
pebble deposit formed near low-watet mark. , 

Ar>nt,hwr point must not be overlooked. Eaised beach deposits 
resting on- fossil platforms, such as occur frequently on our coasts, otten 
consist of pebble sheets laid down during the recession of the sea from its 

Ancient Shoeb-Line Deeived beom Deposits.— In other 
words, the greatest caution is advised in deducing the height of m ancient 
shore-line from pebble deposits. Fortunately, however, they often occur 
combined with other deposits, or with erosional features. A pebble ridge, 
for iustauce, is frequently formed above high-water mark whilst the orcmary 
tidal beach is sandy. If this combination is found in a fossil beach, it may 
afford a means of 'fixing the ancient high-water mark. This combination 
has been used for instance for the identification of Post-glacial beaches m 

the Baltic region. , , j i. 

Interbedding of marine with aeolian strata has been mentioned above. 

Sections of this kind yield an upper limit for the high-water mark, but 
again it must be remembered that they might date from a recession phase 
after the maximum submergence and therefore need not give us the highest 

Where the height of ancient sea-levels has been determined without 
consideration of the principles just outlined, a considerable allowance has 
to be made for possible inaccuracy. In extreme cases it may amount to 
50 ft. or more in a tidal sea. Furthermore, when examining figures m 
publications, it must be considered whether (a) they were measured above 
average or high-water level, and (b) whether they refer to an average 
of the fossil shore-line or to its high-water level. If, in spite of these 
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culties, the figures ^obtaiaed^ so ^far ia different parts of tb© world agree to a 
great exteat and suggest ' certaia: defiaite^ stages in the osciilatioas of the 
sea-level, these stages have to be accepted as realities, althongh their exact 
heights above the present average sea-ievel may still have to b©' determined 
by accurate methods. 


B. REGIONAL SURVEY OF EVIDENCE FOR PLEISTOCENE , SEA- 

LEVELS. MEDITERRANEAN AND ATLANTIC EUROPE. 

It has been necessary to go into these details in order to convey an idea 
of the kind of evidence avahabie for ancient shore-lines. It now remains 
to review some of this evidence from various parts of the world, and to 
investigate their significance for the problem of dating the climatic phases 
of the Pleistocene. This regional survey cannot be more than a rough 
sketch. 

Meoitebbakean : Algebia. — ^The classical region for fluctuations of 
the sea-level is the Mediterranean. One of the outstanding works on 
Pleistocene high sea-levels is that of de Lamothe (1911) on the north African 
coast. Having carefully scrutinized the evidence in the neighbourhood of 
Algiers, he distinguished sea-levels at 325, 265, 204, 148, 103, about 60, 
about 30, and 18-20 m. above the present sea-level. Of these, the four 
or five highest are likely to be pre-Pleistocene. The 30 m. and 18 m. levels 
exhibit a moUuscan fauna of a warmer type than the present (fauna with 
Sirombua bubonius, = Tyrrhenian fauna of Issel). This fauna is invaluable 
for the correlation of the levels on both sides of the Mediterranean. 

Italo-Fbench Rivieba. — ^Whiie de Lamothe studied the southern coast 
of the Western Mediterranean, Deperet (1906) investigated littoral and marine 
deposits of the Italo-French Riviera. In 1918 he summarized his results, 
which agree closely with those of de Lamothe. He gave, or restricted, names 
to the shore-lines* as follows : 


Sicilian 
Milazzian 
Tyrrhenian . 
Monastirian 
Unnamed . 


90-100 m. 
55-60 m. 
28-32 m. 
18-20 m. 
7-8 m. 


Paiaeontologically, the three lowest levels show the warm Stromhus- 
fauna. The lowermost (7-8 m.) has always been considered as a phase of 
the 18 m, level (here called Main Monastirian level), to which it indeed is 
closely related. For convenience it is here called the Late Monastirian 
shore-line. The term Grimaldian ” recently proposed by Breuii (1943) 
is not to be recommended, since the marine deposits of the Grotte du Prince 
at Grimaldi appear to date from the Main Monastirian phase. 

Italy. — Gignoux (1913) studied the faunas of the marine Pliocene and 
Pleistocene of Italy and. Sicily. He analysed the faunal assemblages and 
deduced the depths in which they might have lived. The section at 

* Note that these terms are used in the altimetrio sense. They must not be con- 
fused -with the palseontological terms Sicilian fauna, Tyrrhenian fauna, which have a 
wider application. - 
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Taranto, for iiistanee, on the west side of a bay called Mare Piccolo, shows 
a finely stratified marl coveted by a chalky sand with Strombm bnbonim 
and other shells of a warmer habit than those composing the present fauna. 
Littoral species dominate, and forms living in deep water are absent ; only 
a few specimens could have lived as deep as 20-30 m. Adding to this the 
height of the deposit above present sea-level, one arrives at 30-40 m. for 
the maximum height of the shore-line of that 8irombus-se&>, This result is 
^ in complete accord with physiographieal observations, according to which 
the beach would have been at 35 m. above present sea-level. This is the 
Tyrrhenian shoreline of Deperet, 

The underlying marl, however, contains a very different fauna. There 
are few species only, but these lived at a depth of at least 70-80 m. The 
shoresline of this phase, therefore, is likely to be the Sicilian, about 80- 
300 m. above present sea-level. The separation of the two strata is 
emphasized in the section (at least locally at the Arsenal where I saw it) by 
a red sandy band, which perhaps represents a soil formed during one of "" 
the low-level phases which intervened between the Sicilian and Tyrrhenian. 

Besides the 35 m. level, a 15 m. level with Strombm-faims, w^as observed 
by Gignoux at Taranto. The 15, 35, 80-100 m. levels and one at approxi- 
mately 60 m. (not observed at Taranto) were found by Gignoux in many 
other places. Appreciable deviations from these figures occurred only in 
tectonically disturbed districts. These figures from south Italy agree 
closely with those from Algeria and the Riviera. 

SmoMBtJS-FAUKA ‘ABB THU tbe-Tybehukiah Fauhae Bbbak . — We have 
already had occasion to describe some of A. C. Blanc’s remarkable work on 
the Italian Pleistocene (Blanc, 1937). In reading his papers, one has to 
bear in mind that he uses the term T 3 m*heman ” in the palaeontological 
sense, as did Issel (1892), who coined the term for the deposits containing 
the Sirombus-fmxndb, Deperet restricted it aitimetrically to the highest 
shore-line containing this fauna. (32 m. level), Blanc (19365) is inclined to 
regard the Main and Late Monastirian levels as substages of the T 3 UTheman, 
calling the 32 m. level Tyrrhenian I and the 18 m. level Tyrrhenian II, and 
the present author followed him in his earlier publications. It will become 
apparent later on why it is advisable to retain the term Monastirian for the 
two lowest shorelines {i.e. 18 m. and 7*5 m.). 

Like Gignoux (1913), Blanc emphasizes that a faunal break occurred 
after the Sicilian and that the 32, 18 and 7*5 m. levels ail contain faunal 
assemblies of the Stromims-tj^pe ('* Tyrrhenian fauna The pre- 
Tyrrhenian fauna contains, besides Mediterranean species, certain others 
now restricted to more northerly seas (for instance, Cyprina ulandica*), 
and a number of Pliocene survivals. This assemblage, the “ Sicilian fauna,’’ 
is found in deposits relating to the Sicilian shore-line of 90 to 100 m. Blanc 
merges with it the deposits of the Milazzian level (about 60 m,). It may 
well be that this is correct as far as the fauna is concerned, so that the 
fatma of the Milazzian,” 60 m. sea-level, would have been of the Sicilian 

^ The value of this species as a climatic indicator is questionable. It now occurs 
as far south as Axeachon (44^® N, lat.) and thus overlaps with certain southern species 
such as Aairalium rugosum, which is found in the Mediterranean and from the Azores 
and Canaries northwards to the lie de R6 (46® IST. lat.). Moreover, Jeffreys considers 
the fossil Mediterranean O, islandi&z as a distinct subspecies. 
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type in. most areas. Unfortunately, however, the fauna at the locality 
Milazzo is nondescript and contains neither t3?pieal Sicilian nor T37rrhenian 
species. For this reason, Gignonx (1936, p. 647) refused recognition to the 
Milazzian stage. It must therefore be emphasized again that the Milaz- 
zian, as a stage of high sea-level, is well evidenced, and that the sea-level 
may have fluctuated more quickly than the fauna changed. 

The faunal break between the Sicilian and Tyrrhenian faunas is, there- 
fore, of especial interest and highly significant. It will be remembered that 
the terrestrial faunas of temperate Europe show a similar break, which 
coincides with the first intense glaciation, i,e. the Antepenultimate one. 
Land faunas of the Antepenultimate Interglacial contain Pliocene survivals 
and are, from a climatic point of view, somewhat inconsistent, whilst post- 
ApGl faunas are essentially Pleistocene and climaticall}^ more sharply 
defined. Exactly the same appMes to the marine molluscan faunas of the 
Mediterranean, and one is tempted to ascribe the change from Sicilian to 
Tyrrhenian fauna to the” same cause, namely, the great climatic break 
caused by the Antepenultimate Glaciation. The evidence relating to the 
age of the Mediterranean sea-levels within the detailed chronology of the 
Pleistocene in fact suggests that the deep drop in the sea-level after the time 
of the Sicilian fauna and before the Tyrrhenian fauna coincided with the 
Antepenultimate Glaciation. 

Late Moitastibian Shobe-Liiste. — ^The 7 6 m. level with a Tyrrhenian 
fauna, i,e. the Late Monastirian shore-line, is well preserved on the Italian 
coast. Exposures are numerous. Its deposits are often found in caves at 
this level, for instance, caves of Monte Girceo, Grotta RomaneUi, etc.),, 
and horizons of boring shells {Liihodomus) are frequently observed at about 
this height. Issel (1892) mentions them from the Baizi Rossi caves at 
Mentone and eight other localities at heights from 6 to 10 m. This Late 
Monastirian shore-line is a distinct feature which must not be disregarded. 
It is not confined to the Mediterranean. 

The evidence from the Lower Versilia (p. 182) suggests that during the 
Last Glaciation, most probably LGL, the sea-level was at least 90 m. lower 
than at present. Blanc (1936a) examined the various estimates made 
elsewhere for this recession and arrived at — 100 m. as the most likely 
figure. A submerged platform is found in several parts of the Mediter- 
ranean at this depth, 

Boule (1919), however, found reason to believe that a drop to — 200 m. 
occurred at some time. If — 100 m. is the figure for the Last Glaciation,, 
this greater recession may be referable to the Penultimate or Antepenulti- 
mate Glaciation, during which one would expect a lower sea-level because 
of the greater amount of water locked up in the ice-sheets. 

Atlantic Coasts of Eueope. — ^The great question in the correlation 
of sea-levels is whether the shore-lines observed in the Mediterranean are 
found on the coasts of the open ocean also. Leperet (1918) has answered it 
in the affirmative, but other workers have remained sceptical. The follow- 
ing account will show that Dep4ret’s and de Lamothe’s views are correct, 
if one excludes from consideration those areas in which isostatie movements 
have possibly or certainly taken place. In Europe, Scandinavia, the North 
Sea, the northern part of Britain, and Ireland have to be excluded, in 
America the east coast north of New York, In Europe the chief remaining 
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areas are the Atlantic coasts, of Portugal, Spain and France, and the English 

CliaimeL* ' 

JiBSEY.—The English Ghannel Islands, Jersey in particular, afford 
instructive evidence. Here, the- raised beaches ’v^are obvious and have 
been studied for many years. . Mourant (1933, : .1935) has. recently investi- 
gated them again, checking many , heights and thus eoatributing' to the 
delimitation of the ancient shore-lines. 

South Hiel Level, 33 m.— The highest level preserved is that of South 
Hill, St. Holier, Jersey. Naish-(1919) mapped it carefully and determined 
Its height at many points. 

There is a platform rising from 122 ft. to 128 ft., and a groove in a low 
cliff. Pebble deposits reach up to 138 ft. If one regards the groove as an 
undercut indicating high-tide level, the high-water mark would have been 
at about 38 m. Assuming that the amplitude of the tides was much the 
same in those times as to-d^ay, namely, 7-il m., about half this amount has 
to be deducted to obtain the average sea-level to which the South Hill 
platform belonged. The resulting figure is 33 m. ; it agrees excellently 
with values for the Tyrrhenian shore-line obtained elsewhere. As usual, 
the heighi> of the deposits exceeds high-water level. They are probably 
a storm beach formation, and consist of coarse pebbles and shingle embedded 
in a cemented clayey gravel. The pebbles are soft and decayed, thus 
differing from those of younger beaches. 

The cave Les Thieiles in Guernsey (Colenette, 1916), at 125 ft., may 
belong to the same shore-line. This is likely to apply also to two further 
localities in Jersey, on the east side of South Hill (Mourant, 1935 ; 103-114 
ft.), and near St. Clement’s Church, where pebbles rest on a platform and 
are covered with head. The platform is about 85-100 ft., but according to 
Mourant, the deposits extend to 110 ft. or more. 

Jebsby, 18 M. Shobe-Line. — ^Tho next lower group of shore-line deposits 
and marks of abrasion ranges round about 60 ft. O.D. There are about 
a dozen localities in Jersey and 19 in Guernsey (Colenette, 1916) which are 
Mkely to belong to this group. In Guernsey the lowest occurs at 54 ft., 
the highest at 75 ft. In Jersey the lowest figure is 62 ft., at the mouth of 
the Belie Hougue cave (Mourant, 1933). 

Another locality of the 60 ft. level is the Cotte a la Chevre, a cave with 
an undercut of the gully type (p. 229) produced by large boulders at the 
bottom. On the other hand, high-water level was probably not higher than 
the entrance of this cave (about 12 ft. high, measured from the top of the 
boulder deposit). The bottom of the cave is, according to Mourant, 66| ft. 
above mean tide, so that 68|' ft. would be the probable upper limit for the 
high-water level during the formation of the cave. Deducting half the 
tidal amplitude, one arrives at 53^ ft. (16 m.) for the mean sea-level of that 
phase. This is only slightly below the usual height of the Main Monastirian 
shore-line (18 m.). 

Other localities of the 60 ft. beachf are marked bj exposures of pebbles, 

^ For Portugal, the presence of the Sicilian (80-100 m.), Milazzian (45-65 m.), 
Tyrrhenian. (20-40 m.), and (chiefiy Late) Monastirian (mostly below 12 m.) shore -lines 
has been established quite recently by Breuii, Yaultier and Efoyszewski (1943) and by 
Zhysaewski' (1943). , . , 

; f The Cotte de St. Brelade, often erroneously attributed to the 60 ft. level, has 
afforded no evidence for a marine dejx^t (Zeuner, 19405) and is therefore omitted here. 
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raBging from 59 to 62 ft. above O.D.* ..At' Le Pinacle, a promontory on 
the west coast, a smoothed shallow groove is to be seen at 61 ft, 0,B. 
(measured by Mourant, 1933). As it lies on the side of the neck which 
connects the Pinacle rock with the maitiiand, this notch need not be a 
typical undercut. There are several Recent marmites (marine pot-holes) 
very close to this place, and the fossil groove might', well be the remainder 
of a marmite active at the time of the 60 ft. beach. 

Jbesey, t'5 M. Shobe-Liee. — ^The so-called 25 ft. raised beach is so fre- 
quently preserved around the coasts of Jersey that only a few localities of 
special interest need be mentioned here. Pebble deposits are abundant 
at heights averaging about 25 ft. O.D., but reach up to 45 ft. in continuous 
sections, * 

At Les Rouaux near Belle Hougue Point and at Cotil Point, both on the 
north coast of Jersey, wide platforms with undercuts are preserved in such a 
position that they may be accepted as marking high-water level. Their 
exact heights, however, have not yet been determined. Platforms are 
found in many other places. Some begin only about 20 ft. above mean 
tide level, but they reach up to 30 ft. or more. Assuming that the sea- 
caves of the period of the 25 ft. sea were similar to those of the present sea, 
one can consider the bottom of a cave as beneath high-water mark. The 
bottom of the 25 ft. deposits is clearly identifiable in many caves in which 
the conglomerate, with traces of the rock ledge, forms the roof of a modem 
cave. Using these to determine the mimm%m height of the average sea- 
level during the 25 ft, phase, one obtains about 5-6 m. above O.B. This 
minimum agrees satisfactorily with the height of 7'5 m. accepted elsewhere 
for the shore-line of this phase. 

Inteeglacial Age of the 7-5 m. Level. — Jersey alfords evidence for the 
interglacial age of this shore-line. Its geological age has been under dis- 
cussion for some time, because of a supposedly Pliocene fauna of shells and 
mammals found in a gravelly deposit forming the 25 ft. level in the Belle 
Hougue Gave. 

The fauna comprises a species of deer which has been suspected 
of being Pliocene, and this, in conjunction^with the misconception of a 
preglacial 25 ft. beach in the south of England, has led some workers to 
regard this level as possibly Pliocene, and older than the 60 ft. level. 
In re-determining the mammalian remains of the Belle Hougue cave I have 
convinced myself that the deer is an insular race of the ordinary red deer 
{Cervits elaphus jerseyensis Zeuner, 1940a, c). An interglacial age is therefore 
probable. 

The shells fomid in this deposit were re-determined by Baden-Powell 
(appendix to Zeuner, 1940r), All belong to the Recent Jersey fauna except 
Astralium rugosum, a large top-shell of southern distribution (see footnote, 
p, 232). It indicates a temperature of the water warmer than now, and 
recalls the warm Tyrrhenian fauna found at the same altimetric level in the 
Mediterranean. 

The interglacial age of the 25 ft. deposit in the Belle Hougue cave is 
indirectly confirmed by numerous other exposures in which pebble deposits 
are covered by accumulations of head and loess, which were formed under 

Pebbles occur at Rouge Nez Point 73 ft. high; and at Verclut Corner at 80 ft. 
These poor exposures may belong to either the 100 or the 60 ft. level. 



a cold climate. At Fortelet. Bay,, the lobbies and boulders of the 25 ft. 
beach, resting on a loess, are covered by many metres of fine-grained head 
which, in parts, is almost a pure loess. This section was first described by 
Lawson (1914) ; it proves., the interglacial age of the 25 ft. level. It further 
shows that an Older L(^sS:.(of at least' P61 age) exists in Jersey * 

The head which covers the 25 ftl deposits all round the Portelet penin- 
sula and in many other parts of Jersey is mixed or interbedded with another 
loess which is an equivalent of the Continental Younger Loesses of the 
Last Glaciation. Sine! .,(1923)- suggested that a land-surface subdivided it 
into two at Beicroute Bay, ;but, this has not been confirmed, and the sections 
are no longer well enough preserved to check his claims. 

The Pleistocene shore-lines of Jersey have been described at some length 
because they supply good evidence for the occurrence of the 32 m., 18 m. 
and 7*5 m. levels of the Mediterranean in the Atlantic area under very similar 
conditions- At least the 7*5 m. level proved to be plainly interglacial and 
somewhat warmer than the present sea. A most important argument is 
thus obtained in favour of a world-wide correlation of Pleistocene sea- 
levels, For the moment, at least the Tyrrhenian, Main and Late Monas- 
tirian shore-lines appear to be present on the Atlantic as on the Mediter- 
ranean coasts. We shall now continue our survey to see whether this 
correlation can be extended to other parts of the earth. 

Coasts of Nobth and West France. — ^The French coast of the English 
Channel provides plenty of evidence for the Pleistocene sea-levels known to 
us from the Mediterranean and from Jersey. The classical work is again 
by de Lamoth© (1916, 1918), who studied the terraces of the Somme near 
its mouth and the traces of marine platforms preserved in the neighbourhood. 
He found levels corresponding to shore-lines at 103, 56-59, 32-33 and 18- 
19 m. These figures are almost identical with those for the Mediterranean 
(p. 231). In 19^18 Beperet summarized the work done by Bigot, Gosselet, 
de Lamothe and others in a well-known paper which wholly supports de 
Lamothe's conclusions. In 1924 Dubois published his monograph of the 
Flandrian, to which we shall have to return later on. These publications 
contain much information alsd^ concerning the Atlantic coast of west France. 
Wherever traces of beaches are preserved,* they can be referred to one of the 
shore-lines enumerated above. 

It is interesting to note that the Tyrrhenian level (32 m.) is observed at 
Wissant and Cape Gris Nez, between Boulogne and Calais. The Straits of 
Dover, therefore, existed during that stage. 

The 18 m. or Monastirian terrace is most conspicuous and is widely 
distributed. On the west coast of Normandy it contains large erratics 
from the Channel Islands and elsewhere (Bigot, 1930). In Picardy, at the 
mouth of the Somme, it connects with certain deposits of this river 

(p. 81 ). 

Dubois (1924) re-described the important deposits of Sangatte, near 
Calais. In this locality the cliff-coast of the English Channel recedes and 
the Piandrian plains begin. Dubois considers the high-level beach deposits 
of Sangatte as Monastirianji as they refer to a shore-line of a little under 
2 ^ m. Their marine fauna resembles that of the present day, or is very 

* The Cotfe de St. Brelade shows the same loess (Zeuner, 1940b), 
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sliglitly cooler.* Coastal morpliology and sea-currents were mucli the same 
as at present. The fossil beach of Sangatte is covered by a coombe rock or 
head containing an evolved race of the mammoth. Sangatte lies 15 miles 
east of the narrowest point of the Straits, which therefore must have been 
open during the Main Monastirian also. 

The Late Monastirian or 7*5 m. level is, apparently, less well preserved 
on the French coast. Some localities referred to the 18 m. level may belong 
to this stage. As a result of altimetric analysis Baulig (1935) found a 
distinct 8 m. level in the Pays de Leon (north-west Brittany). 

Fauna and Cltmate of the 18 m. Tebrace. — ^Under the influence of 
Deperet there has been a tendency to regard the phases of high sea-level as 
cold. Quite apart from other overwhelming evidence to the contrary, the 
moHusca which have been quoted in favour of a cold climate, especially 
during the Main Monastirian (18 m.) stage, are by no means conclusive. 
It is true that certain faunas show a tendency towards conditions sMghtiy 
cooler than those of the present day (for instance, Portland, Baden-Poweli, 
1930), but generally the assemblages are temperate, with a small percentage 
of forms of chiefly northern range and others of chiefly southern range. This 
is to be expected, and does not prove a cold climate. Bigot (1930) revised 
some of the shell-faunas of north France, calling them cool temperate, not 
boreal ” (Bigot’s italics). Even this is open to discussion. Above all, the 
Buccinum grcenlandicum from St. Aubin-sur-Mer, near Dieppe, has been 
recognized as a thin-shelled variety of the common whelk, undatum. 
Of the other '' cool ” species from this locality, Bela turricula and B. trevel- 
liana do go far north in Europe, but they also occur on the coasts of Gascony, 
the extreme south-west of France, They can hardly be regarded as con- 
clusive. Chrysodomus antiquus, reported by Dubois (1924), has not been 
found again. Dubois attributes St. Aubin to the regression from the 
Monastirian level after the beginning of the Last Glaciation. 

Hue (1928) described a ftuna from Luc-sur-Mer, near Caen, resting 
on bed-rock at 15 m. above sea-level, i.e, just below the Monastirian shore- 
line. This fauna includes Bela turricula and Modioli modiolus (see footnote 
below) as '' northern elements,” but on the other hand,, there are Rissoa 
proxima and Barleeia rubra, two decidedly southern shells. One may 
interpret this combination as one likes, but one cannot say that this fauna 
proves cold conditions. 

Flanbbian Tbansobession. — Dubois, in his comprehensive monograph 
(1924), studied not only the high shore-lines of the Monastirian, but also the 
evidence for the phase of low sea-level following it, and the transgression 
leading up to the modern sea-level. After the Monastirian, the sea-level 
inust have been at least 30 m. lower than to-day, while estuarine deposits, 
peats, etc., were formed. These are now much below sea-level. The trans- 
gression which submerged them is called the Fiandrian. Halts or slight 
oscillations may have intervened, and it lasted into historic times. There 
are many reasons to suppose that the low sea-level preceding it was con- 
temporary with the Last Glacialion. This Fiandrian transgression has been 
established by Dubois in Flanders, the Calaisis, Picardy, Normandy, Brittany, 

I ' ■ . ' ' '*-'1 , ' ‘ .' if '’" 

* Modiola tnodiolus occurs. This shell is now typic^aiy northern, hut found on 
both coasts of the English Channel and reaches Loire Inferieure in the Gulf of Biscay. 
Here the species is smaller than in the north. 
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and on the Atlantic coast of the- Armorican region. It is identical with the 
transgression observed by Blanc in the Lower Versiiia (Italy, see p. 182), 
and partly with the Litorina transgression of the Baltic. 

B^ancb : Stjmmaby. — ^Thns, the high shore-lines of north and west France 
agree closely with those of the Mediterranean. The earlier levels (103, 56-59, 
32-33 in.) were correlated by Beperet with the Sicilian, Mhazzian and 
Tyrrhenian respectively. They are rarely preserved, but at least the 
T 3 rrheman level passes through the Straits of Dover, The 18 m. or Main 
Monastirtan shore-line with its temperate fauna is found almost everywhere. 
There is evidence for the post-Monastirian regression which laid the Straits 
of Dover dry, and for the following Fiandrian transgression up to the present 
sea-levaL 

Ehikb. — short excursion east from the region of the English Channel 
takes us to the mouths of the Rhine. The terraces of this river form a 
complicated system which has been investigated locally in many places. 
Because of the complexity of the terrace-system of the lower Rhine and 
because of interference of tectonic movements in certain stretches, a syn- 
thesis has never been attempted. The terraces of the middle and upper 
Rhine are certainly due to climatic aggradation during glacial phases (p. 61). 
As they approached the sea, they must have increased their gradients to 
descend to the low sea-levels of the glacial phases. During the interglacials, 
erosion prevailed in the middle and upper course of the river, whilst the high 
sea-ieveis of these phases probably produced some aggradation in the lower 
part of the course. The obvious rasult of such interplay is a crossing of 
terraces, which has indeed been proved for two out of at least six terraces 
of post-Eariy Glaciation age (see Daly, 1934, fig. iOO). It is unfortunate 
that the terraces of the Rhine have not yet been studied from the eustatic 
point of view, 

Eem Sea. — In Holland and part of Belgium, north-west Germany^ 
Denmark and north-east Germany as far as East Prussia, marine deposits are 
found between glacial beds. This '' Eem ’’ fauna is temperate and contains 
many Lusitanian/' i.e. south-western species. Its stratigraphicai position 
has been under discussion for years. It has now found its place in the Last 
Interglacial (Nordmann, 1928). Thus, the Eem Sea is an equivalent of the 
Monastirian phase elsewhere, and its deposits are developed in that part of 
Europe where the submergence was shallow and cliffs were absent. The 
fauna affords an interesting parallel to the Strombus-fa^uim of the Mediter- 
ranean, though this alone would not decide its age, the Stronibus-famiSL^ 
having had a range greater than the Last Interglacial. The fauna of the 
Belle Hougue, Jersey, is probably exactly contemporaneous with the Eem 
pha^ ; whilst the slightly cooler faunas found in the Monastirian beaches 
in other places date perhaps from the beginning of the recession in the 
earliest stage of the Laat Glaciation, or from some temporary, slightly cooler 
phase of the Last Interglacial. 

Sou'BffBBSC EsraijAKB. — ^In Chapter V it has been shown that the Pleisto- 
cene history of the Thames Basin suggests phases of high sea-level attaining 
to “ 600 fb.;* “ 400 ft,;'* M)*., lOO ft., 60 ft., 25 ft. (and the interstadial 
level of a few feet above O.D.), the heights being increasingly more accurate 
as one approaches the Present! ' This sequence is so plainly the same as 
that of the Mediterranean, namelyjH.C3alabrian,'*' Sicilian/^ Milazzian, 
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Tyrrheman, Main and Late Monastirian (plus the interstadial level not yet 
identified elsewhere), that the following summary of coastal evidence from 
southern England can. be kept very short. It will receive fuller attention in 
another publication. 

100 FT. Level. — The Tyrrhenian ,(100 ft.) level is encountered for instance 
in the Portsmouth area, near Chichester (Palmer and Cooke, 1923 ; Fowler, 
1932 ; Oakley and Curwen, 1937). 

60 FT. Level.— T he Main Monastirian (60 ft.) level is found at Mouse- 
hole, near Penzance, wevSt Cornwall (deposits to 65 ft. O.D., D&wey, 1935 ). 
Another deposit of this phase appears to be the Burtle Sands of Somerset 
(Bulleid and Jackson, 1937), which reach up to 50 feet O.B., contain a 
temperate shell fauna and an interglacial assemblage of mammals, including 
D. dama. A third deposit referaWe to the Main Monastirian is the fossil 
beach of Portland peninsula (Prestwich, 1875 ; Baden-Powell, 1930), which 
rests on a platform rising to 55 ft. O.B. Its shell fauna of 50 species contains 
a few forms tending towards northern varieties, together with Oibbula 
umbilicata (Montagu) and Phasianella pulla (L.) which are essentially 
southern. 

An interesting deposit with a warm-temperate fauna is found at Selsey 
Bill, 15 miles east of Portsmouth (Godwin- Austen, 1857 ; Reid, 1892). Its 
shells point to a depth of 10 fathoms or more, and since the deposit is near 
low-water mark, one is tempted to refer it to the Main Monastirian leveL 
Ten out of 38 species are southern. Lutraria rugosa and Pecten polymorphuSy 
now Mediterranean and west African and not found north of Portugal, are 
noteworthy. 

25 FT. Level, — ^T he Late Monastirian (25 ft.) sea-level is evidenced by 
numerous exposures* (commonly called ‘‘ pre-glacial raised beach ”). Its 
easternmost point is at Brighton, Sussex ("SV^ite, 1924 ; Martin, 1929). 
Thence it can be followed westward to Bevon where, at Torquay, it contains 
an interesting fauna (Hunt, 1888 ; Shannon, 1927 ; Ussher and Lloyd, 
1933). In one locality (the Thatcher, Hunt, 1888), 43 species of marine 
mollusca were collected. Of these, Trophon truncatus and Pleurotoma 
turricula were regarded by Hunt as evidence of a rather cold temperature 
since, though they occur now in the Irish Sea, they are absent, or rare, on 
the south coast of England. On the other hand, Pinna rudiSy Adeorbis 
s^carinatus and Fusus jeffreysianus are species of a predominately southern 
distribution. * 

In North Devon, Bideford or Barnstaple Bay affords interesting evidence 
for the 25 ft. shore-line (Pengelly, 1867), .At Croyde, the fauna is considered 
as slightly warmer than the present (Baden- Powell, 1928). At Saunton, 
the beach deposits contain large blocks of erratics (Sedgwick and Murchison, 
1837^ 1840 ; M’Kenny Hughes, 1887), and are covered by fossil dune sands 
and by soMuction deposits. The erratics have been regarded as transported 
by floating ice, but the presence of genuine bottom moraine at Fremington 
suggests that they were derive from the moraine of a glacier which reached 
North Devon. ' - ■ . ■ 

Fbemikotoet Boulbeb-Clay. — ^T here is unmistakable proof that the 
Pleistocene ice reached the north of Devonshire. At Fremington, south 

* The sea-level of 30 ffc. O.B. derived by J. F. N, Green (1943) chiefly from river 
profiles almost certainly belongs to this phase. 
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of the estuary of the Taw, 'in Bideford Bay, a brown clay is found' which 
contains striated erratics, soma apparently deriYed from Scotland. Dewey 
(1935) expressed the view that^'^' it may be a true boulder-clay.’’^ Having 
visited the locality I cannot but emphatically support his suggestion. The 
clay Is of a type known from 'at least three north German localities (Zeuner, 
1928). In these the moraine is -made up of brecciated clay derived from 
some pre-morainie deposit of ordinary homogeneous clay. It can be showm 
that the ice passed over a frozen deposit of clay, broke it up to form a breccia, 
and re-deposited it as bottom-moraine. The Fremington Clay is of this 
kind, and has to be regarded as the true bottom-moraine of an ice-sheet 
which, according to the incorporated erratics, came via the Irish Sea and 
the Bristol Channel rather than from Wales. 

Since there is no evidence of ice transgression over the 25 ft. beach 
aii 3 rwhere in Devon, the Framington moraine must be older than this beach, 
and date from the Penultimate or some earlier glaciation. 

In Wales and Ireland, however, the first phase of the Last Glaciation 
deposited moraine on the 25 ft. beach (p. 112). 

Thus, the evidence for the fossil shore-lines of Atlantic Europe, outside 
the area dominated by isostatic readjustment in response to ice-cover, is in 
complete accord with the Mediterranean from the altimetric point of view. 
The marine fauna, well studied only for the two Monasttrian phases, suggests 
a temperate climate much like the present one. In some localities slightly 
warmer conditions are indicated. The distribution of some species, however, 
differed from the present, some southern ones having penetrated farther 
north and east, some northern ones farther south, so that, by emphasizing 
the last-mentioned group, it is possible to suggest slightly cooler conditions. 
This can only be done by disregarding the warm component, however, and 
in any event the deviation from the present-day climate can only have been 
small. The climate of the Monastirian beaches therefore is best regarded 
as tem|)erate, and interglacial. It certainly was not arctic, or glacial. 


€. PLEISTOCENE SEA-LEVELS OUTSIDE EUROPE AND THE 
MEDITERRANEAN. 

The preceding survey of some of the more important European localities 
which have afforded evidence for Pleistocene sea-levels has now to be 
supplemented by the review of a few regions outside Europe, in order to see 
whether the levels observed in Europe and the Mediterranean are universal 

not. > ^ ' 

8mo>A Sba, — ^An interesting example of evidence for a very low sea-level 
of comparatively reemt da#' it' the Stmda Sea ■between Sumatra, Malakka 
and Borneo. Molengraaff fI921) studied the surrounding coasts and the 
topography and geology ol the bottom^^ of this sea. He found that the 
modem valleys continue beneath ^a-level and form a complete submerged 
river-system, which opens into the China Sea between the islands of Great 
Natuna and South Natuna. The depth of the Channel at its mouth is 
about ICK) m., and this figure must be near the actual amount of emergence 
dtedog 'that ph^. Later ' m Molengraaff ('1930) and Umbgrove (1930} 
gave 70 m. and 90 m. respectively (see also Zeuner, 1943, p. 153), and 
•Serivenor, 1943, p. 122,.. who su^este 100' m). 


FLITCTUATIOHS OW TBM SBA-IiBVEIi 


241 


It is doubtful wbetber the S'uada.Seauau'be called a submerged shelf in 
the sense of a marine platform of abrasion. Prom the published charts it 
appears to be an immersed or submerged riTer-sjstem. In this and other 
respects it reminds one of the English Channel, The resemblance is increased 
by the presence of deposits of alluidal tin ore along the submerged river- 
courses in Cornwall and Sumatra respectively. 

Scrivener (1943, p. 122) found evidence for. a sea-level. of about + ft* 

O.I). in Malaya, and less ambiguous evidence for. one at ■ + , 200 ft. 

South Africa. — ^The earliest description of raised beaches ” in South 
Africa is over a hundred years old (near Gape Town, Clarke, 1841). In 
1871, Stow described further high-level beaches from the South African 
coast, and since then many papers have appeared dealing Incidentally or 
exclusively with high marine levels, chiefly of the south coast of the Union. 
Krige (1927) studied and monographed them. 

There is evidence for two groups of very high marine levels (240-300 m., 
and 135-165 m.), and a high one at 45-75 m. All three are in part covered 
by veneers of marine sediments of a Tertiary character, the faunas comprising 
a fair number of extinct forms (Haughton, 1925). In the two lower terraces 
(shore-lines at about 18 and 6 m., with a sub-stage of 4 m.) the fauna is 
modem, with very few extmet forms, but with many species which now are 
restricted to warmer waters (Rogers, 1905 ^ Krige, 1927). 

The relation of the higher terraces to the lower is thus surprisingly 
similar to that in the Mediterranean, at least for the last of the higher 
terraces and the two lower ones. The occurrence of a faunal break m areas 
so far distant from one another suggests that it is of major stratigraphical 
importance (see p. 232). 

The exact heights of the ancient shore-lines are less easily determined in 
South Africa than on the European shores where very detailed maps are 
available. Tribute has to be paid to A. V. Krige for coUecthag a large number 
of measurements. In view of the difficulties and also of the fact that tectonic 
dislocations of the beaches have occurred in places, he considered as estab- 
lished only the levels enumerated above (and some higher ones which are 
of no import in this connection). 

At Alexander Bay, near the mouth of the Orange River, however, 
Haughton (1932) found a succession of levels which resembles surprisingly 
that of Europe : 

35-40 m. above sea-level. Oyster Trench/’ Rock platform with 
fossiliferous deposits, 

18-20 m. above sea-level. Operculum Terrace.” Well-developed 
planation with a few feet of fossiliferous gravel. 

7*5 m. above sea-level. Lower shingle terraces, • with 2 ft. 6 in. of 
gravel. 

This locality substantiates the rather scanty evidence for the 32 m. level 
in South Africa. 

The 20 ft. terrace ” with its deposits exceeds this figure in a good 
many localities, as for instance at Mossel Bay, where, according to Goodwin 
and Malan (1935), the platform lies at 21 ft., with deposits up to 45 ft. 
Since the platform tends to drop away rapidly in the seaward (firaotion on 
coasts with a heavy surf (Johiison, 1938, fig. M), while storm beach deposits 
are piled up high above the actual level of the sea, this level can very well 

16 ' , 
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Fig, 75. — Zones of marine mollusca in the Australian Bight near Adelaide, 
South AustraEa. Area is representative of a fauna requiring high tem^ra- 
ture of the water, while Donax prefers comparatively cool conditions. Cfiiom 

is intermediate. , 

Upper chart : Conditions during the 20 ft.-shorelme phase (Late Monas- 

' tirian). 

Lower chart : Present day. It is evident that the sea was warmer in 
; Late Monastirian times. After Tindaie, 1933. 

reach about 75 ft. ' Agaftx thra» are wave-out oaves ; they suggest a shore- 
line of about 60-60 ft. Certain platforms, howevef,' as that at Saldanha 
iSscy {d« Trat, 1917), lie as hi^ m 60-70 *.' Uie heavy surf of this coast is 
perhaps responsible for the considerable variation. 

Krige includes ia his 60 ft. terrace points which possibly indicate one or 
two further, less'distiaotly preserved, levels. Ode might be at 45 ft. (about 
8 localities out df 33 listed), rhis would agree with the highest terrace of 
tlie Eerste River as found by Shand (19J4). Another level at about 100 ft., 
inentidned already from Alexander Bay,, appears to be more distinct. It 
was disdnwd by Sehw«z (1^) at Cbpe Point, Van Rhyn’s Dorp and 
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be correlated with the 25 ft. shore-line of the Mediterranean md Atlantic 

Europe Numerous caves are situated at 20-25 ft. ; 5°^?’ ^a^Wel 

dSS^th what has been smd on p. 228, indicate the height of the sea-level 

more accurately than deposits. snunear to 

A 60-70 ft. terrace also is very weE marked. Its deposits appear to 


20 FT. TERRACE 


ZONE. 




PRESENT DAY 
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Strandfoateia (eoaglomerates md:saacktoaes 5 - sometiiiies, shelly, resting on 
platform). TMs level is coafirmed by a; cave at"' Cape. Infanta at 100 ft., 
which Kxige (1927, p. 30) definitely- considers - carved by the sea. It 
eoatains a hardened' beach-congiomerate. 

Mention must farther be made of the submerged Agulhas Bank, which 
lies south of Cape Agnihas, the southernmost point of Africa, extending a, 
long way parallel to the coast. It is a typical continental shelf. It has been 
studied by Schwarz (1906) and dn Toit (1922),. who .Interpreted it as a l>eadi 
platform cut when the sea-level was about 100 m. lower than at present, in 
consequence of glacial absorption of water,' Krige (1927) discussed the 
evidence in detad. Bounded boulders are said to have been dredged from 
the Bank, Drowned valleys leading down to, and cut ' into, the shelf are 
observed. Krige, however, is inclined to explain the platform as scoured 
by submarine erosion, and claims to have evidence that the sea-level at some 
time was considerably lower than —100 m. 

Austbalia. — Less work than in South Africa has been done on ancient 
shore-lines in Australia, but the results are equally interesting. Howchin 
(1924) observed that on the south coast a young terrace contains shells 
indicative of a sea warmer than the present. The same was found by 
Clarke (1926) near Perth, Western Australia. Once more one is reminded 
of the warm Tyrrhenian fauna of the Mediterranean, of some of the Monas- 
tirian beach deposits of the Atlantic coasts of Eiirope, and of the low terraces 
of South Africa. 

Tindale (1933) amplified these results, and compared the geographical 
arrangement of the shell faunas of the Great Australian Bight in the lowest, 
25 ft., beach with those of the modem sea (Fig. 75). The figure shows how 
the faunal zones lay further south in 25 ft. shore-line times ; the sea must 
have been warmer in those days. 

In South-east South Australia Tindale distinguishes the following 
marine levels, 25 ft. (7*5 m.), 65 ft. (19*5 m.), 90 ft. (27 m.), 150 ft. (45 m.), 
200 ft. (60 m.), 250 ft. (75 m.). Most of these levels are well known from 
other regions of the world. Only the 45 m. and 75 m. levels are rarely 
observed and therefore less certain. They are known from North America, 
and possibly SouMi Africa and the Nile. 

Tindale compared his shore-lines with those of the east coast of North 
America. The agreement is close indeed. 

The Great Australian Bight contains a submarine shelf which slopes 
very gently down to about — 100 m., whence it drops rapidly to great depths. 

East Coast of Nobth Ambbica. — ^From Newfoundland down to Florida, 
marine terraces accompany the east coast of the North American continent. 
They have been studied by many workers, and are, from the physiograpMcal 
standpoint, one of the best known series in the world. A summary has been 
published by Cooke (1930). 

Since North America was glaciated as far south as New York, the possi- 
bility of iscBtatic displacement, of terraces -haS' to be taken into account. 
Fortunately about 1,000 miles of coast line are available south of the for- 
merly, glaciated area, and, from New Jer^y to, FI,orida coastal terracses run 
largely parallel to the present sea-level. Six terraces have been distin- 
guished which Cooke, mainly in accordance with earlier authors, describea 
as follows : 



North American glacial 
chronology; Cookers 
tentative correlation. 

(Pregiaoial). 

(ISTebraskaii) Glacial* 
(Aftonian) Interglacial. 
(Kansan) Glacial. 
(Yarmontli) Interglacial. 
(IlHnoian) Glacial. 
(Sangamon) Interglacial. 
(Iowan) Glacial. 

(Peorian) Interglacial. 
(Early Wisconsin) 

(Glacial). 
(Mid Wisconsin). 

(Late Wisconsin) 

(Glacial), 

Recent. 


Glacial correlation, 
(ilichards). 


Marine terrace. 


Low sea-level 
m . 215 

Low sea-level 
4B . 160 

Low sea-level 
29 . 95 

Low Sea -level 
20 ■ . 65 

Lovr sea -level 


Recent 


Recent 


Only in tlie 7 '5 m. or 25 ft. terrace (Pamlico) have fossils been found 
so far. According to Eiehards (1936), the fauna everjrwhere bears out that 
the climate at the time when deposits where laid down on this terrace was 
warmer than at present. 

Several North American authors have tried to fit some of the terraces 
into the Pleistocene chronology. Richards (1936) showed that the Pamlico 
terrace, though not more than a few mefres above present sea-level, cannot 
be post-glacial. He considers it as Last Interglacial, but leaves it open 
whether this interglacial is represented by the Peorian or the Sangamon 
stage. In 1937 he was inclined to call it Sangamon* Codke (1930), how- 
ever, made an attempt to correlate all the known terraces with the inter- 
glacial phases of the North American chronology, on the (rather unfounded) 
assumption that no shore-lines have been overlooked and that none represent 
sub-stages. This correlation, which Cooke himself called highly speculative, 
is included in the table above. It is probable that Richards’s view regarding 
the Pamlico as contemporary with the Sangamon (or Peorian) is correct. 

South Amebica. — ^The terraces of the South American west coast have 
received considerably more attention than those of the least coast. ^ They 
are, however, known to have been raised to heights above their original 
position by the movements of the Andes and cannot, therefore, afford direct 
evidence for the height of the Pleistocene sea-levels. On the east coast 
the fossil bauohes appear to be almost undisturbed over distances of hundreds 
of miles. This was established by Charles Darwin a hundred years ago 
(1846). 

Darwin’s numerous data, collected during the famous voyage of the 
“ Beagle,” *are based partly on measurements, trigonometrical or baro- 
metrical, and partly on estimates in turn relying on measurements carried 
out in the neighbourhood. There is no reason to regard these figures as 
less reliable than of later authors, though Darwin (m common with 
many later authors) gave the height of the levels often without specification 
m to which element of the fc^sil beach or platform they refer to. Whilst 
some of Ms figure are likely to be too low, being based on the submarine 
j^btform, others are probably too high, because of inclusion of covering 
strata of subaerial origin, in spite of these shortcomings Darwin’s figures 
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are MgHy suggestive .of; a correlation of 'the South' 'American beaches mth 
those of the Mediterranean and other parts of the world. 

In the foUowing taMe ,. Darwin’s, data- aj*e snmmari,z^ A distinction 
is made between beaches ^ with deposits containing m'arine shels, and those 
based on other... evidence. 

., , Locality. 


Bahia, 13"^ S. lat. . , . ■ . 

Bio,, de Janeiro, S. . . 

Montevideo, 35° S. . . ... , . , 

Colonia del Sacramento, 35° S. 

San Pedro, Parana, 34° S. . 

Buenos Aires fS. Isidro), 35° S. . ' ' . 

Pnnta Alta, Bahia Blanca, 39° S. . " ■ . 

Monte Hermo,so, Bahia B.lanca . ^ ■ #. 

San Bias, month of Pv,. Colorado, 40° 40" S< 
San Jos4, 42° S., ' . ' . , ' . 

Bahia Mneva, 43°"S. . ' . 

Ditto . . ■ . . ' . 

Ditto . . . . . . . 

Goifo de S. Jorge, 46° S. . . 

Ditto . , ' ,' ^ . , . , ■ ■ . ,; . 

Capo de Tres Puntas, 47° S. . 

Puerto Deseado, 48° S. ... 
Ditto ...... 

Opposite Bird Is., 49° S. . . . 

Pnferto S. Julian, 49° 30" S. . 

Sta. Cruz. 50° S 

Coy Inlet, 51° S 


Fossil beach. 


With sheHs. 

Without shells. 

Lower than 20" 

■' 20" 

15-20' 

13-16" 


16" 


100' 


40' 


20' above H.W.M. . 

120' 

32" (calc.) 

15-20" 

80-100" 

80" est. 

200-220" meas. 


350' meas, 
250" meas. 
360" meas. 
250" 

330' ! 

100" 

250" 

360" 

00" est 



. 355" 

# * . 

350" * 


This table contains all the localities for which Darwin has provided data. 
There are — 

4 localities between 330 and 350 ft. (99-105 mt). 

4 „ „ 200 „ 250 ft. (60-75 m.). 

5 „ „ 80 „ 120 ft. (24^36 m.). 

1 locality at 40 ft. (12 m.). 

I „ at 32 ft. (9*6 m.). 

6 localities between 15 and 20 ft, (4*5-6 m.). 

The localities can thus be grouped as belonging to certainTevels, all of 
which, except two, are evidenced by from 4 to 6 instances. Of the two 
levels ” represented by a single locality only, that of 32 ft. at San Bias was 
obtained by calculating the depth at which the contained fauna lived and 
is, therefore, worth little. The other one, 40 ft. at S, Isidro, I have been 
unable to check. 

The four levels for which more ample evidence has been supplied by 

* The temporary evacuation of iarge parts of the libraries has prevented me from 
obtainiug data of more modem authors. Only thd lower beach of Bahia Bianca has 
been checked on the Mapa geoL-econ. Bep. Argent,, 1 ; 200,000. The numerous papers 
by C. and F, Ameghino contain valuable material bearing on the fossil beaches of the 
i^gentine. 

' After this chapter was written I was able to obtain. Feruglio^s paiper (1933) on the 
coastal terraces of Patagonia, The absence of determinations of the inean sea-leyel 
makes it difficult to interpret his levels, though the Late (5-6 m.) and Main Monastirian 
(6-19 m.), Tyrrhenian (15-40 m.) and Mukiazian (35-60 m.) appear to be present. 
Correlations with the Pampas Formation and the glaciations of the Andes are attempted. 
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Darwin agree surprisingly : well ;with- the leweis obserred in other parts of 
the world. ■ ; '■ 

The fossil beaches of the^ east coast of South America are in stratigraphical 
contact with the Pampas B’ormation. and often contain: mammalian bones. 
The age of these important depositsis utterly uncertain, but it is to be^ hoped 
that, once the correlation of the coastal terraces of South America with the 
eustatic phases of the Pleistocene has. been established,, such deposits will 
provide the • means for dating the , Pleistocene divisions of the Pampas 
Formation as well as their fauna of extinct mammals. 

As an instance, the 6 m. beach of Punta Alta near Bahia Blanca may be 
referred to, from which Darwin reports the following species (Owen’s deter- 
mination) : MegafMrmm mvieri Desm., Megalonyx jeffersoni Leidy, Mylodon 
darwinii Owen, Scelidothermm leptocephalum Owen, Toxodon sp., Equus 
mrvidens Owen, Mctcrauchenia paiachmica Owen. If one is justified in 
correlating this beach with the late Monastirian, this wholly extinct fauna 
would ha ve lived in late Pleistocene times (for age of the Late Monastirian 
level see p. 249). , . , ■ . 


THE WORLD-WIDE CHRONOLOGY OF SEA-LEVEI^. 

WoBEB-wTOE OccxjBEEjrcE OF Cebtain Ahoient Sea-Lbvels. — ^T h©se 
remarks on South America conclude our sketchy survey of the evidence for 
Pleistocene sea-levels. It has abundantly shown that certain shore-lides 
at definite heights are of more thaniocal interest, and that they occur again 
and again in widely distant regions (Zeuner, 1942). The only satisfactory 
explanation for this fact is eustasy. 

The shore-lines suggested in this manner are best called by their Mediter- 
ranean names, or by the approximate height of mean sea-leveL The 
following list summarizes the evidence : 


Heights la 
metres. 


Siciiian 


100 i03 90-100 


MUazzian 


60 c. 60 66-60 . . 66-69 c. 60 45-75 c. 60? 

32 C.30 2»-32 32-34 32-33 c. 32 

18 18-20 18-20 18 18-19 lS-18 18-20 o. 15 

•5 .. 7-8 7-6 8 6-8 6-7-6 .. 


Tyxiplleniain ^ , 

Main Moixastiriaa 
Bat© Monagrtirka 

ppe-K«Aian 

regression 


miri. 

-30 


Alteenation oe HiaH anb Low Sba-Lbvels. — ^T he table oomprisea five 
h. sea-loveis and oro low ono-vTlifi latter (pre-BTandriaa transgression) 
eirvened (witb oscillattons, see p. 186) between the Late Monastirian 
^hvd of ,7;5 Jn, QJD. and iaodem one of zero O-D. Thus, it is 
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c lear th at a phase of lower sea-leyel separates, at, .least these two phases of 
relatively high sea-leveL 

That the earlier phases of high sea-level also were separated by periods 
when the sea was low, is difficult, to.' show on. marine evidence, b ut th e 
benches of the lower c ourses of the rivers sh ow it very .plainly. The periods 
oTerosipiTm^tEFlbwer Thames (p. 120). prove ..that,, following the Miiazzian, 
erosion ont ' down , to a lower level during the Antepenultimate Glaciation, 
after which the sea rose again, and with it -the lower part of the river, until 
the Tyrrhenian 32 m. level was attained. That, preceding the Main Monas- 
tirian, the sea was lower than at present is shown by the Taplow bench 
which plunges below zero O.B. in the Dartford area. Moreover, deep sunk 
channels continue many rivers in other parts of the world to far below 
present sea-level, to depths which cannot be ascribed to the pre-Handriaii 
transgression. 

Thus we have to conclude that all high sea-level stages are separated 
from one another by phases of relatively lower sea-ievel. The ensuing 
sequence of oscillations is difficult to explain by any cause except fluctua- 
tions in the water volume of the oceans, as postulated by the theory' of 
glacial eustasy. 

Intebglacial Age of High Shoee-Lihes.— T he high shore-lines, there- 
fore, should be interglacial. Though this view is now quite generally 
accepted, since faunal evidence, both terrestrial and marine, has provided 
ample confirmation, it is unfair to dismiss without explanation the arguments 
which have been brought forward in favour of the high shore-lines being 
contemporary with glacial phases. Evidence was supposed to exist (a) in 
the connection of hi^ shore-lines with certain river terraces which, upstream 
in the mountains, were linked with moraines, and (6) in the cold elements 
of the shell fauna of some high beaches. 

Point (a) is disproved by the fact that the moraines with their gravel 
trains have since been found to be superimposed on the terraces belonging 
to the high shore-lines. 

Point (6), the palaeontological argument, is interesting in several respects. 

The Tyrrhenian and Late Monastman beaches were, on the whole, 
warmer than the present sea {8trowbus-fB,\im. of the Mediterranean and its 
equivalents). The Main Monastirian level, however, is less consistent. 
There are localities with a warm fauna of the Tyrrhenian t 3 ?pe, and 
others which contain some species now ranging further north. But it has 
been said above (p. 237) that these cool ” species are associated with 
warm ’’ ones wMch would readily cancel them out from the climatic 
standpomt and that, for this reason, the climate cannot have been very 
different from the present one. The same applies to the Sicilian fauna of 
the Mediterranean (p. 232} with CypriTia ish/^ica. The case for this fauna 
is further weakened by its greater age, since it is a mistake to assume that 
the climatic requirements of species remain constant through long periods 
of time {Zeuner, 1936). It is evidently no longer admissible to regard the 
maximum shore-lines as contemporary with glacial phases. 

On the other hand, it is quite conceivable that the presence of certain 
cool species indicates temporary slight reductions in the temperature of the 
sea, though it will be difficult to prove this. The argument of admixture 
put forward for the faunas of the English Orags (p, 105) applies here also. 
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Furthermore, deposits laid doi;m,.. during the begiiming of a recession (ie. 
at the beginning of a glaeiai phase) are very often referred to the preceding 
high sea-level, which is a eonspicnons chronological landmark, whde it is 
overlooked that the deposits covering a fossil abrasion platform date for 
the most part from the time of the final recession of the sea. 

The interglacial' character of the high shore-lines of the Pleistocene, 
therefore, can no longer be seriously challenged. 

GlaciMi Age of Low Sea-Levees. — That the low sea-ievels correspond 
to glacial phases is readily demonstrated for the last great drop, the pre- 
Flandrian regression, since the subsequent period of return to the present 
high sea-level has been proved contemporary with the return of the climate 
from glacial to the temperate one of the present day (the Flandrian trans- 
gression, Dubois, 1924). The — 100 m. post-Monastirian sea-level thus 
appears to have coincided with the Last Glaciation. 

This geological evidence tallies with the theory of glacial eustasy. A 
number of estimates have been made of the amount of water which was 
locked up in the ice-caps of the Last Glaciation, and the resulting drop in 
sea-level was calculated as — 

7o~85 m. by Daly (1934, p. 47). 

83 m. by Antevs (1928, p. 81), 

103 m. by Penck (1933). 

The observed figures for the pre-FIandrian regression vary between 70 
' and 100 m.,* so that the agreement of deduction and observation is most 
satisfactory. 

A third argument suggesting that the low sea-levels correspond to glacial 
phases can be based on the pre-Tyrrhenian faunal break (p. 233). 

The Sequence of High Sea-Levels. — ^The curious feature of the 
I sequence of Pleistocene high sea-levels is that each younger phase attained 
* to a smaller maximum than the preceding^ 

One might be inclined to argue that a high sea-Ievei destroys, or at least 
buries, the evidence for all preceding ones which were not so high, so that 
the step-like arrangement would ensue inevitably. There is, however, no 
evidence from sections which clearly corroborates this contention with regard 
to the major maxima, but it has to be kept in mind that certain, as yet 
unrecognized, smaller oscillations might have intervened in the sequence. 

Now, if the altitudes reached by the sea in successive interglacials were 
solely due to deglaciation, f the latter being a function of the intensity of the 
interglacial climate, the mterglacials should have been the warmer the greater 
their age. That this contracts the avail^le evidence is apparent from 
the regional surveys in Qbapters II to IV. 'it must be assumed, therefore, 
that the eustatic oseillationa of th^^ sea-level are superimposed on a general, 
continuous depression of the sea-level due to other causes. This point has 

' 'S Al . 

* Th© figure of —30 m. obtained for the English Ghannel off the north coast of 
France is a mmimnin. It may be the correct figure for LGI 3 . The maximum drop, 
however, was much greater, since the floor of the Channel slopes very gently to nearly 
— 100 m, in a* westward direction* Td the west of Cornwall and Brittany, however, 
the gradient is much merest. A -^100 m. level is thus indicated for the English 

Ctaotael .a&OV ■ , V ■ ' 

t Complete deglaciation over the earth would raise the present sea-level by 40-50 m. 
only (Daly, 1934 p. 12) s it could, not therefore account for the Milazzian and Sicilian 
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been discussed before (p. 164) ; ■ it is- borne oiitin'a most surprising maimer 
by the application of the astrondmical theory. ■ ; ■ 

Reeatwe Ages of the High Sea-Levees.- — ^Before this can be shown 
it is necessary to restate the relative ages of the high' sea-levels in a snm- 
marized form. 

The two Monastirian beaches are both earlier than the Younger Loess ■ 
(north France, Chaimel Islands). The Late -'Monastiriaii level was followed 
by the pre-Flandrian regression (water locked up by Last Glaciation), and' 
the moraine of the first phase of the Last Glaciation rests on it in Ireland 
and Wales. It cannot, therefore, date from the interstadial LGI 1 / 2 S for which, 
moreover, another level, only a few feet above O.D., is suggested in the 
lower Thames (p. 134). That the Late Monastirian beach is Last Inter- 
glacial is thus apparent. The Main Monastirian beach has always been 
considered as almost contemporaneous with the Late one, and the two 
are regarded as a unit by many authors. It is likely, therefore, that the 
Main Monastirian also is Last Interglacial. That this level post-dates the 
Penultimate Glaciation is confirmed by the position of the corresponding 
river terrace relative to the Older Loess and contemporary solifluetion 
phases in the Somme, and in the Thames. 

The Tyrrhenian sea-level, therefore, may date from the Penultimate 
Interglacial, and the Milazzian from the Antepenultimate Interglacial. 
This is cou&med for the Milazzian for instance by the terrace of the Somme 
containing the Machmrodns-iBmiB, at Abbeville, which runs into this level 
(p. 89). Wooldridge has shown that the Milazzian level of the London 
Basin is later than the Norwich Crag (formed in Early Glaciation times) ^ 
whilst the moraine which covers this platform is older than the T37rrhenian 
32 m. level (see p. 115). The IMiiazzian thus finds its place in the Ante- 
penultimate Interglacial, which leaves the Great or Penultimate Interglacial 
for the Tyrrhenian sea-level. 

Absolute Chronology of High Sea-Lbvbls. — With this knowledge 
of the relative age of the sea-levels a rough estimate of the absolute age of 
the interglacial sea-levels can he made by applying the radiation time-scale. 
Each maximum shore-line can, of course, have occurred at any time in the 
course of an interglacial. It is unlikely that the sea-level was stable through- 
out the interglacial, but when and for how long the maximum level was 
occupied is difficult to say. As to the Monastirian, it is reasonable to assume 
that the Main level was reached rather early during the Last Interglacial, 
since the Late Monastirian has to be accommodated in the later part of the 
same climatic phase. As to the Tyrrhenian, evidence from the lower Thames 
suggests that the 32 m. level was reached late during the Penultimate 
Interglacial. 

Now, if one plots the heights of the present sea-level and of the Main 
Monastirian, Tyrrhenian a>nd Milazzian shore-lines in relation to time and 
duration of the corresponding interglacials (Mg. 76), one finds that they 
can be connected by a straight line. Owing to the short duration of the 
Antepenultimate Interglacial but little play is available for this line. In 
our figure it is drawn on the assumption that the Milazzian maximum was 
attained late in the Antepenultimate Interglacial, but it is easy to see an 
earlier date for this maximum would displace the line but slightly. Quite 
apart from the line itself being an unexpected feature, it also complies with 
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the geological suggestions of a late date of the Tyrrhenian and an early 
date of the Main Monastirian sea-levels within their respective interglacials. 

In my opinion, this coincidence renders it highly probable that the 
straight line represents the continuous drop of the sea -level during the 
Pleistocene, i.e. that part of the movement which is due to causes other than 
glacial eustasy (p. 225). It has amounted to about 70 m. in 600,000 years, 
or about one-tenth of a millimetre annually. 

The Late Monastirian is the only beach which does not lie on our straight 
liire. If geological dating is given priority, this means that deglaciation 
was slightly below the present-day amount ; had deglaeiation been equal 
to that of the present day, this beach would be found at about 15 m. O.D. 
From this figure it is easy to calculate that in Late Monastirian times the 


SICILIAN 


IOOTH.YS. 


Fig. 76.^ — ^Diagram showing the relation of altitude to time for the high sea- 
levels of the Pleistocene. The horizontals representing the Main Monastirian, 
Tyrrhenian and Milazzian levels have the length of the corresponding inter- 
glacials on the time-scale. 


amount of ice on the earth was only about one-sixth or one-seventh greater 
than to-day, 

On.the other hand, if one assumed that in Late Monastirian times 
deglaeiation reached the same degree as to-day, this beach should have 
been formed at 65,000 B.P,, a date which follows R.M. 72 of LGI 2 very 
closely. It is improbable that at that time interglacial conditions prevailed ; 
geological evidence points rather to the contrary. This alternative, there- 
fore, has to bO' abandoned, and -the Late Monastirian is best regarded as 
having occurred late in tie Last Interglacial, somewhere about 125,000 B.P. 

For the Main Mons^irian, Tyrrhenian and Mia^jaian, approximate dates 
are provided' by the points of crossing of our straight line with the horkontal, 
indicating the height of the beach. Thus, we obtain about 150,000, 270,000 
aw|.'^K),000 B.P.j- respectively*;,, It is prrferable to use such “ point date 
the- approximate of beaches rather than the durations 
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of tlie Interglacials. Everybody- aegiiaiated ' with their derivation will be 
aware of their tentative character. 

If one continues the straight ■line beyond the Milazzian, one can arrive 
at a guess for the approximate age of the, Sicilian. The SicEian shoreline 
stood at one time at + 100 m,, but- in- many parts of the world somewhat 
lower figures, between 80 and iOO m., arefavoured. It ^ possible, therefore,, 
that there were several Sicilian shorelines, the lowest being somewhere near 
80 m. Both the 80 and 100 m.' levels have been entered as limits in the 
graph, Fig. 76. They supply the very tentative' date of between 660,000 and 
825,000 B.P. for the Sicilian.* This corroborates the conclu>sion arrived 
at on geological grounds that the SicEian immediately preceded the Early 
Glaciation. 

Cheo3S'OLOGY of Low Sea-Leveus.— Bates for the phases of low sea- 
levels are more easEy obtained than for the high ones, since theoretically 
they should be contemporaneous with the glaciations. But geological 
evidence for low sea-levels is scanty and confined chiefly to that of the Last 
Glaciation. The section of the lower Versilia suggests that the pre-Flandrian 
low level of — 100 m. belongs to the first phase of the Last Glaciation (p. 186). 
There is no conclusive evidence that the sea-level was less low during the 
two later phases of the Last Glaciation, but there are slight suggestions of 
a halt at —70 m. (Sunda Archipelago, Molengraaif, 1930) and at —30 m. or 
less (Dubois, 1924). It is conceivable that these are the low levels of LGL 
and LGI3, 

The very low level of about -—200 m., which has repeatedly been sug- 
gested, could not therefore be later than the Penultimate Glaciation. Since 
the latter was much more intense than the Last Glaciation, it is to be expected 
that more water was locked up in its ice-sheets, and that the sea-level was 
correspondingly below —100 m. 

It may be pointed out that the sea-level diagram, Fig. 76, in conjunction 
with the estimates made for the ice- volumes of several glaciations, opens a 
way for the calculation of a new curve of the oscEiations of the sea-level. 
Such curve would be considerably more reliable than that previously 
constructed on the basis of SoergeFs glaciation curve (Zeuner, 1938). 

It is desirable that more attention should be paid to the phases of low 
sea-ievel in general. It was during such phases that the land fauna was able 
to cross from continents to many outlying islands, and from continent to 
continent. There is a fair prospect of dating movements of this kind if 
the submarine shelves were studied in greater detaE than hitherto and the 
results fitted into the absolute chronology of the Pleistocene. 

OSCILL.ATI02JT OF R.M, 143. — ^Many other fascinating problems arise out 
of the correlation of the Pleistocene sea-levels with the absolute time-scale, 
such as the question of the oscillation between the two Monastirian levels 
which one is inolined, prima facie, to identify with B.M. 143 and possibly 
the Danish Middle Bed oscillation. In this kind of work, however, it wEI 
be necessary to avoid groundless speculation. Instead, the hints provided 
by the theory should be taken as an encouragement to intensify search for 
new geological evidence. 

^ Note that in Zeuner (1938) the Sicilian is erroneously placed in the Great Inter- 
glacial since, when that article was written, the author followed Blanc in regarding,the 
Tyrrhenian as comprising the entire Monastirian. 
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SuiiMABY ANB CoxcLBSiOK.— In tMs chapter an attempt has been made 
to cover some new ground, extending absolute dating to the coastal terraces 
of the continents. It has, been shown that the four main shore-lines, the 
Milazzian (60 m.), Tyrrhenian (32 m.), Main Monastirian (18 m.) and Late 
Monastirian (7-5 m.) correspond to the three main intergiacials. The folow- 


ing dates for high and low levels are suggested by the absolute chronology 

Phase. 

Sea-ievel at — 

Approximate date, 
years B.P. 

Sicilian . 

+ 80-100 m. 

660-826,000 

Milazzian 

-[- 66 m. 

500,000 

Tyrrhenian . . - 

4- m. 

270,000 

— 

- 200 m. (?) 

c. 235-188,000 

Main Monastirian 

+ 18 m. 

150,000 

Late Monastirian . 

■ 4* Bl. ' 

125,000 

pre-Flandrian . . 

Interstadial level slightly 

- 100 m. 

116,000 

above O.D. . . 


. — 

' — . . ' , 

-70 m. (?) 

72,000 


- 30 m. (?) 

23,000 


The reason why this line of research has been treated rather fuUy here is, 
perhaps, not obvious. It is not that the results obtained so far are spec- 
tacular, but the possibilities of finding new correlations and datings for 
fossiliferous and prehistoric deposits are great indeed. 

If the absolute chronology of the Pleistocene is to be extended over the 
whole earth — and this must be otir ultimate goal — ^the shore-lines will 
provide a most valuable guide. They are comparatively easy to study, 
much more so than the fluctuations of the land climate of a region, and finds 
of fossil fauna and early man wiU continue to be made on and in raised 
beaches ’’ or caves connected with ancient shore-lines. I am confident 
that this kind of work will play an increasingly important part in geo- 
chronology. and, in the future, produce some of the much-needed long- 
distance correlations, as well as time-scales in years for regions in which the 
fluctuations of the land climate cannot be studied so readily as in Europe. 
In this way it should be possible eventually to fit our work on faunal and 
human evolution into a proper chronological jframe. 

Up to the present, however, the only region where the absolute chronology 
can applied with profit to fossil faunas is Europe and the Mediterranean. 
The concluding chapter will deal with this most interesting matter. 


CHAPTER X 

FAUNAL EVOLUTION IN THE PLEISTOCENE 

A. PLEISTOCENE CHRONOLOGY AND EVOLUTION. 

, Apart from its obvious uses io. stratigraphieal geology, tbe chronology 
of the Pleistocene developed in the preceding chapters has its most important 
and promising field of application in biological evolution,^ in particular in 
the evolution of faunas and of phylogenetic lineages since the Tertiary. 
For the first time it is now possible to obtain an approximate idea of the rate 
of specific and subspeeific evolutionary changes, measured in absolute time. 

special, and yet exceedingly important, contribution can further be made 
by the new chronoiogy of the Pleistocene to the evolution of the genus 
Homo and the development of human industries in relation to time and 
environment, but this subject is too vast to be discussed in the present 
context.* , 

This concluding chapter, therefore, is concerned with the evolution of 
the fauna in the course of the Pleistocene. There are two aspects of this 
matter. The first is that of the relation to time of the actual changes 
observable in phylogenetic lineages. The second is that of the changes in 
the composition of the faunas in the course of time. The latter aspect 
comprises changes in the area of distribution of the species, together with 
evolutionary changes which occurred in these species in the course of time. 
In spite of its greater complexity, this second, faunal, aspect is more easily 
studied, since the material which Nature places at our disposal is, in the first 
instance, faunal assemblages in dated deposits. It is only after a careful 
analysis of many such faunas that the phylogenetic lineages can be 
discerned in some of the species. The faunal aspect, therefore, is best 
considered first. 


B. FAUNAL CHANGES IN THE LIGHT OF ABSOLUTE 
CHRONOLOGY. 

Fossil land faunas from Pleistocene deposits are for the most part 
composed of mammalia and mollusca. As wUl be seen later on, the greatest 
changes are observed in the mammals, so that these have to be considered 
in more detail. In the following lists the mammals are given first, and the 
mollusca are thereafter summarized in tables. 

Eistvibokmertab Requibeheots oe Species. — Superimposed on the 
» chronological succession of Pleistocene faunae is the alternation of c^matic 
phases. For many years there has been a tendency to over-simplify the 
climatic character of the faunas, to classify them just as cold or warm/* 

See Zexmer (1945), 



Subarctic 

Forest 


w arm-continental . 

Forest-steppe 

Stammer temperattire bigb 


warm -continental 
Steppe 


and to interpret combinations of the two tjpes ” as the result of later 
mixture of fossil remains. This view provides a relatively simple strati- 
graphical system, and is able to dispose of awkward species by considering 
them as derived. But it neglects the fact that in living faunas represen- 
tatives of neighbouring biotopes mingle quite often, and that the environ- 
mental requirements of the species are rarely so restricted that they can 
exist only in a single specialized type of environment. The Musk-ox, for 
instance,* is an exclusive denksen of the tundra to-day, but in Pleistocene 
times he lived on the loess-steppes also. The Reindeer has generally been 
taken as a tundra-dweller by palaeontologists, but the various forest-forms, 
like the Caribou of Canada, show that this species does adapt itself to boreal 
forest (see Jakobi’s reindeer monograph, 1931). On the other hand, the 
Lion used to be regarded as warm,” but has since proved to have been 
practically insensitive to temperature in the Pleistocene of Europe* The 
Mammoth is nearly always regarded as cold,” and Elephas antiqum as 
warm.” There is certainly some truth in. this, but the primary adaptation 
of the former species was to open country, and of the latter to forest. If we 
recall how vast areas of the earth are covered with parklands or forest- 
steppes, it becomes clear that species of steppe and forest do mingle to a large 
extent. There is no objection to regarding these two elephants as con- 
temporaneous in a locality, unless the preservation of the fossils proves 
derivation for one of the species. 

Biotopes of Eueope m the Pleistocene. — ^If these points are kept in 
mind fossil faunas reveal a much truer picture of confhtions during the 
successive phases of the Pleistocene. One then begins to see, for instance, 
how an interglacial forest fauna gradually breaks up, how open-country 
forms join it, gain the ascendency, are reinforced by tundra elements, and 
how finally the forest forms disappear. Another interesting change is that 
JBrom more oceanic to more continental conditions in the course of a glacial 
phase (p. 155) : subarctic forest, and tundra, forms reigning during the 
earlier part, and steppe elements replacing them later on. 

These changes are, of course, governed by the change of the environment, 
or biotope, which takes place in accordance with the fluctuations of the 
climate. The chief types of Pleistocene biotopes (exclusive of mounjains) 
are the foilowing (connecting lines indicating existence of transitions) : 

Summer temperature low 
Tundra 


(1) Tmdra.-^Tiee-lmB, demise groiiad. vegstatioa, moists soil, often on 
tjdb. R^tilar snow-oow FttZjpes tagopm, Chdo pilo, Lepus 
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timidus L. (varying hare), le mm ings (esp. iHcrostmyz), Tickorhinm anti- 
quitatis, Sangifer tarandus (tundra form), Ovibos nioschatm, EUphas 

primigenius, 

(2) Subarctic Forest — (Including Taiga.) Coniferous forest, sometimes 
stunted or boggy, as now in northern Canada,. Labrador, nortbem Russia 
and Siberia. Regular snow-coter ' in ^ winter wHch enables this biotope to 
exist eyen . in 'intensely continental climates. Ur&us arcUs, G%U guU, 
Lgn^ lynXy Gervus elaphus, Ahes ahes, Mangifer tarandus (forest form), Bos 
primigenim, 

(3) Temperate Forest — ^Deciduous forest. U rsus arctos, Lynx lynx^ Hippo- 
potamus (only where winters are mild), Dicerorhinus merckii, Cervus elaphus, 
Ahes ahes. Bos primigenim, Bison cf. bonasm, Elephas antiqmis. 

(4) Warm-continental Forest-steppe, — Parklands with deciduous woods 
interspersed with grasslands, as now found along the southern boundary of 
the forest towards the steppe in Russia and Siberia. Fauna a mixture of 
members of (3) and (5). 

(5) Warm-continental steppe. — Grasslands with or without scrub, as now 
found in south Russia. Summers hot, snowy winters. Lagomys spp., 
Alactaga jaculiis, Citellus spp., Marmoia boba4^, Equus przewalskii and other 
caballine horses, Equus hemionus, Saiga fartarica. 

(6) Loess-steppe, — ^Treeless grasslands or scrub, less dense and lower growth 
than in (o), which catch and accumulate wind-blown dust. Climate cold, 
even in summer ; winter with snow-cover ; tjsele frequent. Not existing at 
present in Europe. Fauna as in (5), with the addition of Vulpes lagopus, 
Lepus timidus L. (varying hare), Tichorkinus antiquitatis, Mangifer tarandm. 
Bison cf. priscus, Ovibos moschatus, Elephas primigenim, 

— . The following members of the Alpine fauna join those of (1) and 
(6) in the cold phases in the lowlands : Marmota marmota, Capra ibex, 
Rupicapra rupicapra, . 

— . The following have no particular preference for any of these bio- 
topes : Ursus spekeus, Felts leo spelma, Eymna spp., Megaceros spp. 

Development op Typical Faunas. — ^The lists of faunas which follow 
show that the environmental character is the clearer the yomiger the fauna. 
Generally speaking, faunas corresponding to the biotopes here distinguished 
are typically represented in the Upper Pleistocene only, whilst in the Middle 
Pleistocene the distinction is less complete, and almost non-existent in the 
Lower Pleistocene. This is to be expected if the differentiation of the 
faunas is the result of climatic fluctuations. The first few glacial phases are 
marked chiefly by the extinction of forms like Machairodm, Leptobos and 
several '' Pliocene deer which, apparently, were not sufficiently resistant 
to the new type of climate. But already some new-comers from the more 
continental east availed themselves of the opportunity to extend their 
area of distribution west- and south-westwards {TrogonFherium in EGi, 
Guh, Tickorhinm, Mangifer, Ovibos in ApGl, genera whose ancestors are 
unknown from the European Pliocene). By the second phase of the Ante- 
penultimate Glaciation, these immigrants which were tolerant of a more 
continental climate had become numerous in species but not in individuals. 
Their appearance and the extinction of the Pliocene elements marks the 
establishment of the typical Pleistocene fauna in Europe. 

It is characteristic of the immigrant elements of the Pleistocene fauna 
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thatj afe their first appearance, .. they are rare, and that they establish them- 
selves only gradually, apparently as the result of the recurrence of suitable 
climatic phases. The reindeer, ' for instance, appeared in ApGla, but did 
not become frequent untH LGli. This is a period of more than 300,000 years. 
Thus, hundreds of thousands of years and repeated phases of^particulariy 
suitable cEmate appear to haTe been necessary to establish these immigrants 
in Europe.®** It is known that at least in some cases (Ovibos for instance) 
this process went hand in hand with morphological changes. 

On the other hand, estabEshed members of the fauna responded readEy 
even to slight climatic oscillations.^ ■ A spreading of grassland at the expense 
of forest, as it accompanies a glacial phase, always causes the horses to 
increase in number, wMle red deer decrease. There are many other changes 
of this kind which show that the web-adapted members of biotopes (1) to 
{&) shifted their areas of distrilttion simultaneously with the biotopes, 
E.-W. or W.-E., and N.-S. orS.-“N. These displacements must have occurred 
about ten times or more often during the Pleistocene, and since geological 
evidence suggests that the climatic changes were rapid, they must have 
been equaHy rapid, a matter of some 10,000 years. The mobiEty of mammals 
is certainly great enough, though for mollusca and plants one might con- 
sider such rapid shifts of whole environmental belts with their constituent 
faunas and floras over many degrees of latitude or longitude as improbable. 
Fortunately, the history of the Postglacial fauna and flora shows that 
10,000 years did suffice to change the character of fauna and flora from 
glacial to mterglaciaL There are, of course, many lags. Of particular 
interest are those slow Postglacial migrants winch, coming from the south- 
east, did not reach northern France before the EngEsh Channel was flooded, 
and thus were prevented from populating Britain. It is conceivable that, 
in the long run, a slow rate of migration resulted in oMmination of species 
from the European fauna and flora. This is, perhaps, one reason why so 
many forms of life present in Europe in the Tertiary and now living in 
S.E. Asia and S.E. North America, and for which the European climate is 
suitable, are not found there tmder natural conditions. 

Thus, two types of changes in the composition of Pleistocene faunas 
can be distinguished ; a slow one due to the intrusion of new-comers, chiefly 
from the east (a matter of hundreds of thousands of years), and a rapid one 
due to wholesale shifting of faunas with their environments (a matter of 
about 10,000 years). The third change, due to phylogenetic evolution of 
the species composing the fauna, will be discussed afrer the faunal Ests 
containing the evidence have been given. 

i' { ^ ' ' ts . ',V 

* Hopwood (1958) coBsiders that competitioa for food is the main obstacle for rapid 
establishment of new-comers. The establishment of the new-comer is of course a much 
more complicated process than shown in tliis context, but this interesting subject has 
no dbreht bwiiring on chronologjr, 
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0. THE SUCCESSION OF TEREESTEIAL FAUNAS IN THE 
PLEISTOCENE: -UF EUROPE. 

MAMMALIA. 

Note. 

References. — ^Page of present work’ is given where iocalitj’' is discussed 
in detail and where references to publications may be foiin.d. Further 
references in bibliography of present chapter. 

Age. — For divisions of Pleistocene, see p. 175 (general), and p. 31 {de- 
tailed chronology). Dating either on geological evidence, or on paleonto- 
logical grounds {i.e. considering phylogenetic stage of fauna relative to other 
geologically dated deposits). Age given in years B.P., neglecting retardation 
{see p. 168). 

Fauna. — Classification following Miller’s (1912) and Lydekker’s (1887) 
catalogues. Question mark preceding name : horizon uncertain. Question 
mark following name : determination uncertain. For lists from some other 
localities, see Obermaier (1924). 

VILLAFEANCHIAN. 

The latest pre-Pleistocene faunas have an east Asiatic aspect (pig of 
verrmosm-^ovi^, tapir, etc.) and contain many essentially Neogene genera 
{Mastodon, Machairodus). Monkeys, a cheetah, horses of the zebra-group, 
tapir, Leptobos and several antelopes are prominent. Mimamys pliocmnicus 
and Elephas meridionalis are characteristic of the late Villafranchian, but 
both continue into the earliest Pleistocene. The Viilafranehian faunas are 
distinguished from slightly later ones chiefly by the absence of more 
advanced forms Hke Elephas antiquus and Dicerorhinus mercMi. 

Late Villafbanohiais- : Val d’Abho, Tuscany, Nobtheek Italy. 

Eee.— M ajor (1885), Weithofer (1890), Schaub (1928), Bernsen (1934). 

Ace.— D etermined palgeontologicaliy, contemporary with Seneze, 
slightly earlier than Tegelen. Immediately prior to Early Glaciation, c, 
600 to 650,000 years B.P. 

Remabks. — L ist comprises both the lacustrine deposits of the upper 
Vai d'Amo and the marine ones of the lower Val d’Amo. There is possibly 
an admixture of a somewhat earlier fauna, but this cannot be established 
with certamty. 

Fauna. — ’Primates ; Macacus florentinus Cocchi (=Jf. ausonitis MaJ.). 
Carnivora : Ursus etruscus Guv., Canis etruscus Maj., C. majori Del Camp., 
G. olivolanus Del Camp., G. arnensis Del Camp., G. falconeri Maj., Vulpes 
alopecoides Dei Camp., Propuiorius nestii Mart., P . olivolanus Mart., 
Felis Iwmnsis Mart, (wild cat), F. arvernensis Gr. Job, (l^co-group). 
Lynx issiodorensis Or. & Job,, GyrhaUurus elatus (Brav.), MacJmirodus^ 
cuUridens Cuv., M. sp., M. meganthereon Cr, So Job., Hycena perrieri 
Or. & Job. robmta Weith.^^J?, brevirostris Aym.?), E. arvememis 

Cr, So Job, Rodentia : Lepus valdam&nsis Weith.,^ L. {OryckiR^us ?) 
etruscus Bosco, Hys^x ei^usca Bosoo, Minwnys plmcc&nicus Maj., M. 
newtoni Maj., Castor rosince Maj., <7. plicidens Maj. Perissodactyla : Equus 
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sUnmis CoccM (zebra-group),. stemmis wiajor Bonle (==iJ. robmtm Pom.), 
E. quaggoMes Maj. (cabalius-group), ; ' sp. (askus-grotip), ■ li^cefor^m'M 

etruscus Fate, (type loc.), D, lepf<^Mfi/us Ciiv. (type loc,), Tapifvs arvernensis 
Cr. & Job. Arilodaciyia : 8m strozzii Mea. (S, tmucosus-gtoup), Hippo- 
potamm sp., Cewm diemnim Nesti {=(?. sedgwichi Falc.), C. ctefmides Hesti, 
{?. p&'fi&fi Cr. & Job., C. mstii MaJ., C* BtUBfiwiuM Cr. So Job. 0).^ .Leptobos 
etrmcm Falc., i. strozzii (But.) (female of i. eirusem ?), Bvbalus iselini 
SteM., Nemorrheedm mmegUnii (Rut.), Oazellospira ioriicorms (Ayin). 
i^Palmorms moyhtiscaroli Maj.), sp. cf. Procamptocerds brivatense Sehaub, 
Gazelia of. juUeni Mua.-Cbai. : Proboscidea : Mmtodfm arvememis O. & 
Job., (?) Mastodon borsoni Hays., Mlephas meridionalis Nesti. 

Late ViiiAFBA]s:cBXor SENiizE, Hatjte Loibe, Feame. 

Rep.— Stehlin (1923), Sehaub (1928), numerous later papers in ^ Eel. 
geoL Helv.' 

Age. — D etermined palaeontologically. Immediately prior to Early 
Glaciation, c, 600 to 650,000 years B.P. 

Fattha. — Primates : Macacus sp., Dolichopithecus (? Semnopitheem) 
arvermnsis Deperet. Carnivora : Vrsus etruscus Cuv., U, arvememis Cr. 
So Job., Canis cf. arvememis Del Camp., Vnlpes megamasioides Pom., Felis 
sp., Machairodus cuUridem Cuv., M. crenatidem Fabr., Ormemlurus (?) sp., 
Brachyprosopus vireii Sehaub, Hyrnna cf. perrieri Cr, So Job., H, arvememis 
Cr. So Job. Rodeatia : Oryctol^us sp., Mimomys plioccenicus Maj., M. 

, newtemi Maj., Jf. pusillm M6h., M. intermedim Newt, (teste Kormos), 
Sciurus sp. Perissodaotyla : Equus stenonis Cocchi, E. robustus Pomel, 
Dicerorhinus etrmcm Falc. Artiodactyla : Sm sp., Cervus senezemis 
Dep. (related to C. teguliensis Dub.), G, philisi Sehaub (related to C. 
rhenanm Dub.), Capreolus sp. {?), Leptobos etruscus Falc., Nemorrhoedus 
meneghinii Riit,, Procamptoceras brivateme Sehaub, Gazellospira torticornis 
(Aym.), Deperetia urdea (Dep.), Megahvis latifrom Sehaub. Froboscidea : 
Ekphas meridionalis Nesti. 

LOWER PLEISTOCENE. 

The passage from the Villafranchian to the Lower Pleistocene is almost 
imperceptible. The first phase of the Early Glaciation appears to have 
been a stimulus to the Ekphas merMio7mlis-]hios,gef^ which produced the first 
aMiquus-Jike molars, and the rhinoceros lineage of Dicerorhinus etrmcm 
which evolved in the direction of D, merchiL Trogontherium, a heaver, is 
a new-comer, possibly from the east. The second phase of the Early Glacia- 
tion produced a trogonAerii-)&^ molar in some members of the Ekphas 

tlm end of the Antepenultimate Interglacial, Leptobos and several 
of the Pleistocene ’’ deer had Vanished from the scene. This interglacial 
is characterized by' late Ekphas meridioivalis^ Machairodm^ Dicerorhinus 
etrmms, together with Gerym ekiphus, Ahes^ Darm savini and somonemis, 
Cufreolw, etc. ■ 

the pneoming Antepenultimate Glaciation is indicated by two arrivals 
the n03:th-ea8t, Ombos and In the interstadial of the Ante- 

penultimate Glaciation, the Imt Machairedus and Trogmtherium are found, 
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but E, meridiomUs bas disappeared, "Thev.TOles of tbe Mimmmys-g^ou'p 
have lost the roots of tbeir molars and thus cbanged into ilracola (Hinton, 
1926ii). Homo is found for the -first, time .in -a geologically dated deposit 
{H. heiddb^rgensis),. though H, (Emnihropus) dawsmi Smith Woodward 
from Piltdown is, on palseontoiogical evidenee, ■ perhaps slightly older 
(Hopwood, 1935). 

The second phase of the Antepenultimate.. Glaciation was the first Intense 
glacial period. With it, the reindeer appears - and the zebrine horses of 
Europe die out, whilst many, forms which, were, still sufficiently like Villa- 
francMan and Apigl forms to be ' called by the,' same subspecific name, attain 
to a higher phylogenetic- stage in the , following- phase {Vrsm deningeri, 
Hymna bremrostris, Dieerorhinm Megacema veriicornia), 

Inteestadiau EGiij/g : ,-Teg-elen, Limbubg ,Pbov., Holuakd., 
Bee.— Bernsen (1934), Tesch '(1934), Schreuder (1935, 1936). - 
Age. — ^Determined geologically and paI 0 eontoiogicaIl 3 ^ Contemporary 
with Norwich Crag. c. 570,000 years B.P, 

Remarks. — ^First appearance of the mercHi-type of rhinoceros, and of 
Trogontherkimj latest of. Mimomys pUocmmcUa. 

Fauna. — Primates Mamcus cf. florentinm Cocchi. . Insectivora : De6‘- 
mana sp. Carnivora : Ursm etruscus Cuw., Pmmomctis pliocmnica Korm., 
P, pilgrimi Korm. {^Muatela sp.}, Hymna perrieri Cr. So Job. Hodentia : 
Hypolagua bracliygnathus Korm., Eystrix ef, Eosco, Mimomys pUo- 

cmmms Maj., Jf. newtani Ma.j., Trogontherium cuvieri auctt. {^Oonodmites 
boisviletti Laugel teste Schreuder), Castor fiber L. Ferissodactyla ; Eqmts 
fohnsUos Pom., DicerorJiinns etruscus Falc., D. mercMi Jager. Artiodactyla ; 
Sus strozzii Men,, Oervua dicraniua Nesti, G* cf. ctemides Nesti, C, teguUensis 
Dub., C. rJienamis Dub., Leptoboa cf. eiruacm Falc. 

Interstabiax. EGiij/g : Norwich Cbag, Norfolk, England. 

Bee. — ^Newton (1882), Reid (1890), Osborn (1922), See p. 104. 

Age. — ^Determined geologically, c. 570,000 years B.P. 

Remarks. — ^Determinations of fauna mostly dating from last century* ; 
few revised. First appearance of elephants with molars resembling E. 
antiquusy latest of Mimomys pliocmnicus and of Mastodon arvemensis. 

Fauna. — Carnivora ; Lutra cf. lutra L., L, reevei Newt, (allied to L. 
sivaUnsis Falc, So CautL), Mackairodua ? sp, Rodentia: Mimomys plio- 
cmnicus Maj. {=Arvicola intermedins Newt, partim), (?) Jf. newtoni Maj,, 
Trogontherium cuvieri Fisch,, T. minus Newt. Ferissodiaetyla : Equus 
fobustus Pom., E, cahallus fossilis Riit. Artiodactyla : Germs ardeus <>. So 
Job., 0. mmutorum Laug., G. falconeri Dawk,, 0. mUonensis Dawk., G. 
sedgwichi Falc., Gazella anglica Newt., G. daviesii Hinton. Froboscidea ; 
Mastodon arvermnsis Cr. So Job., Elephas cf. planifrons Falc. So CautL, 'E, 
meridionalia Nesti, E, cf. antiquus Falc. (doubtful, see Reid, 1890, p. 119). 

ANTBEENULaoMACT' Intbrolacual : Abbevelle, Sommb> North Peakob.- 
Ree. — See p. 89. Fauna determined by M. Boule, see Commont, 1910, 
p, 259, with additidns by d’Ault du Mesnil; 'iMscxjiding to’' Breuil, and by 
Pontier (1910, 1928), who considers IHcerorhmms ■'hptmbmus as identical 
with Merckxs rhinoceros. 
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— -Detemimed gaDlogioally, aggradation to Milazssiaii sea-level, 
c. 490^000 years B.P. 

Remabks,— -F irst datable:- appearance of El&flum of. trogofiiherii, latest of 
L&piobos t£. etmscm^ / . 

Pahfa. — Carnivora : UrsmBp. (small), Musteh^ cf. nivalis L., Mmlmirodus 
MiMm Owen, Hymna (ct brevirostris Aym.?). Modeniia : Lepus sp., 
Tfogmdimium sp. Perissodaciyia : HippopoUmm sp., Equm stenonis 
Cooohi, DicerorAmiw etrmcm Pale., D, merckH Jag. {^leptorMnus Cuv.). 
Artiodaciyla : Cbtvus elapJius Ij^f C. solilhacus Rob., Dama soMonensis Desm., 
Megaceros belgrandi PoM., Capreolm sp., Leptoboa cf. etrmcm Pale. Frobos- 
dim : Ehpl^ meridiomlis E\, ct trogontherii PoM. (primitive form), 
E, cf. antiguus Palo, (primitive form). 

Aotefentotimatb Iotebolaciae Ceomib Poebst Beb, Nobfolk, 

ENGiAirB. ■ ■ 

REF.-^Xewtoa (1882), Reid (1890), Sainty (1929), Osborn (1922), Zeuner 
(1937). Seep. 105. 

Age. — D etermined geologically and paiaeontoiogieally. Possibly from 
the time of sinking sea-level previous to ApGl^. c. 485,000 years B.P. 

Remarks. — ^L ower, Middle and Upper Presbwater Beds of West Runton 
and Cromer. Bacton, Trimingbam and Mundesley excluded. 

First appearance of Eleplim cf. primigmius, Bison ; last occurrence of 
Cervm etmriarium^ tetraceroa, polignacua, etc. Mimomys still typical ; no 
Arvicola yet. 

PATTiirA. — ^Primates : Macacus sp. Insectivora : Talpa cf. europcea L., 
Desmam magm Owen {^Myogah moschata auctt.), Sorex amini Hinton, 
8. nmtomnsia Hinton, Neomys newtoni Hint., Erinaceua sp. n. Carnivora : 
Ursus savini Andr. (related to U, deningeri), U, cf. spelceus Ros., U. sp. 
(arvernemis Cr. &> Job.?), U, cf, ferox Ricb., Canis ef. lupus L., G, sp., Vulpes 
sp., Lutra sp., Maries cf. martes L., Mustela nivalis L., Pannonictis sp., Felis 
leo apeloea Goldf., Machairodus sp., Hycena of. brevirostris Aym., H, hymna 
of. intermedia Serres. Rodentia : Lepus sp., Cricetus cricetus runtomnsis 
Hint,, Evotomys cf. glareolus Scbreb., Microtua arvalinua Hinton, M. nivaloides 
Maj., if, nivalinus Hint., M, raUkepoides Hint., Pitymys gregaloides Hint,, 
P. arvaloides Hint., Mimomys iniermedius Newt., M. newtoni Maj., M, savini 
Hint,, M, magori Hint,, Apodemus cf. sylvaticus L., Sciurm vviigariah, m,S, 
whiteiBint,^ Trogortiherium cuvieri Fisob. (^Conodontes boisviletti Lang., teste 
Sohreuder), Gv^tor fiber L., 0, plicidens Maj. fiber L. teste Schreuder). 
Feriasodaetyla : Bqms cf. rol^Pus Pom, (late form), E, cf. rmsbachensis 
(eaballine group), IHcerorhinus etmacua Pale., D, ef. merckii Jag. (=mega- 
xhinm , CSirist.). ArMoiac^la : Sua sp. n., Bippopotawm sp., Gervm 
U*? U, ekwrmrinpt Or. ^ Job- (?) .(=0. rhemnus Dub., teste Bernsen), 
C, Mraceroa I^wk., C, aedgwicM Falc,, G, polignacus Rob., Dama savini 
Dawk., Capreolm mpre^lus L., G. rectus Newt., Ahes laUfrms Johns., 
Megtmroa m^corma Dawk.,. M~, fitcMi Gunn (=0, dawMnsi Newt.?), 
-of. bonasm -L.,. Ovia {Ca^ow) mvini N^'Wt. Probosciiea ; Ehphas 
meridkmalis cromerenaia I>5p. & May.*, E, cf. antiqum Falc., E, cf. 
'kogfmt^rii PoM*,. E^ cf. primigmim Blum- 

* ? Syn. of M, mendumalu nmii Poblig. ■ 
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Aktepbhultimate Geaciatioh,: .'Phase.! : Bacton Fobest Bed, 
Nobfolk,. Ehglah,d* . ' ' , 

Ref.— Newton (1882), Reid (1890), . Osbom (1922), Hinton {1926 iq^, 
p. 391), Zeimer (1937). See p. 105. ^ " 

Age. — ^Determined palseoHtologically. ■■ c. 475,000 years B.P. 

Remabhs. — ^M ostly last-'ceHtnry determmations. Amicola replaces 
Mimmnya, Elephas mmdwMlta derived ?;■ Some :m of cool con- 

ditions (Ovibos, Chih), thongb 'ffippopoiamtia present according to Newton. 
Localities included : Bacton, Trimingliam and Mnndesley. 

Faota. — Insectivora : Talpa europma h, {^)y Mpogah moschata aiictt. 
{'^,=^Desmaim magnu Owen), 8orex savini 8. runtonemis Hint. Car- 

nivora : Ursus cf. spelmus Ros., U, -ferox fossilis,'^ Cams sp., Gulo of. 
schlosseri Korm., Hycena Jiymna antiqua Lank. Bodenila : Arvicola bac- 
tmensis Hint., A. greeni Bmt,, Sciwrua sp., Trogontherinm cuvieri Fisch. 
(^=^C(modontes boisviletti Lang.). f ensBoin^iylsk : Dicerorhinus etruscm 
Falc, Artiodactyla : Hippopotamus sp., Gewm elaphm L., C, sedgwichi 
Falc., O. polignacus Rob., Dama savini Dawk., Mega^eros fitchi Gnnn 
{?=C. dawhinsi Newt,), Bos (s.L) sp., Ovibos sp. Proboseidea : Elephm 
meridionalis Nesti, E, cf. primigenius Blum, 

Inteestadial ApGli/2 : Maitbe, heab HeideXiBEBg, West Gbemaey.. 

Ref. — R iiger (1931), Soergel (1933), Zenner (1937). See p. 70. 

Age. — ^D etermined geologically, confirmed paiaeontologically. Arvimla 
replacing Mimomys. E, meridionalis absent, c. 450,000 years. 

Remaeks. — C ontemporaneous with part of Mosbach fauna (Soergel, 
1914 ; Zeuner, 1937), near Mainz. Mosbach, however, contains an earlier, 
and possibly also a later, component apart from the equivalent of the Mauer 
horizon. At Mosbach, Die, merckii and Megaceros v&rticornis are found. 
The Mauer fauna here listed is that of the Grafenrain ’’ pit only, E, 
trogontherii probably comes from another pit, according to Soergel (1933). 

Latest occurrence of Madiairodns^ Lynx isaiodorensis, of Hippopotamus 
in the Rhine area, and probably of Trogorttherium, All '' Pliocene types 
of deer have disappeared. 

Fauna. — Primates : Hofho heidelbergemis Schoet. Carnivora : Ursus 
deningeri v. Reich., U, arvermmis Xk. & Job., Oanis mosbachensis Soerg., 
Eelis catus L., F, leo spelma Golf., F, pardus L., Lynx issiodorensis Cr. 
Job., Machairodus cf, latidens Owen, Hyaena arvernensis Cr. & Job. {= 
mosbachensis Geib.?). Hodeniia : Arvicola greeni Hint., Castor fiber L., 
Trogontherium cuvieri Fisch. Perissodactyla : (?) Eqmm stenonis Cocchi 
(zebra-group), E, mosbachensis v, Reich, (caballus-group), Dicerorhinus 
etmscus Falc. Artiodactyla : Bus scrofa prisca Serres, Hippopotamus sp., 
Cervus elaphus L,, dices latifrons Johns., Oapreolus capreolus L., Bison 
priscus BoJ. Proboseidea : Elephas antiquus Falc, (primitive), (?) E. 
trogontherii Pohl. 
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Antepenultimate Glaciation, Phase 2 (Eaely) : StrssENBOBN, near 
Wbimae, 'ItoBiNaiA, Central Germany. 

Rot.— S oergei (1914, p. 221 ; 1924, etc.), Zeuner jl937). ^ 

Age. — ^D etermiiied geologically, ciimatic aggradation ending with Elster 
Glaciation, c. 440,000 years B?P. 

Remarks. — ^F irst appearance of Mc^gifcr, E. trogoniherii only. Latest 
occurrence of s^ebrine horses in Europe, of D, etrusms, Leptobos (?), etc. At 
Frankenhausen, Thuringia, Tichorhimis antiquitatis appears at this stage. 

Fauna.— Insectipora ; Talpa sp. Carnivora : Ursm sussenbormmis 
Soerg. (clrnwg^m-group), Oanis cf. mmbachemis Soerg., Meles sp. (?), Lutra 
sp., Hpmm brevimstris Aym., S, cf. cromta ErxL Hodentia ; Mpozm glis 
L., Arvioolidas/' Citellvs sp. Ferissodactyla : Equus cf. stemnis Cocchi 
(?=£. mmen^ormnsis), E. ^senbornemis Wiist (latest of zebra-group), 
E. germanicm Nehr. (primitive, caballus-group), Dicerorkinus etruscus Falc. 
D. Immiioechns Falc. Artiodactyla : Cervus ehpkm L., C. cf. f}iaral Ogilby, 
Aloes htifrons Johns., Megaceros cf. verticomis Dawk., Capreolus capreolm 
L., Eangifer taraTidm L., Leptobos sp. (1), Bison prisons BoJ., Ovibos sp. 
Froboseidea : Elephas trogon^rii Pohl. 

MIDDLE PLEISTOCENE. 

The .Middle Pleistocene fauna is characterized mainly by the absence 
of the interesting archaic forms of the Lower Pleistocene, and by the relative 
scarcity of the tundra and loess-steppe components which are so abundant 
in the cold phases of the Upper Pleistocene. Consequently, it has received 
less attention. 

In the Penultimate or Great Interglacial we still find a monkey in 
temperate Europe. The characteristic elephant is E, antiquus, but specimens 
resembling E, trogoniherii occur, though rarely, in deposits of a temperate 
character, the separation of the forest and steppe forms still being incomplete. 
A similar split into two ecological forms appears to have occurred in picero- 
rhinus, with D. merckii as the forest and parkland form, and D. hemitoechm 
as a grassland form. Damm dactonianus is characteristic of the Great 
Interglacial. The Penultimate Glaciation has up to the present provided 
but poor faunas. These, however, indicate cold conditions and dominance 
of open country, with Bangifer, Ovibos, and Tichorhinus. The elephant of 
this phase is an advanced E, trogmdherii, some molars having reached the 
primigenim-Btago. E. antiquus withdrew from temperate Europe during 
the Saale Glaciation. 

Penumumatb Lf imaiAOJAL V Tea oe Cannstatt, near 

Stuttgarti,- South-west Germany* 

Soeiigel {1^9). See p*‘ 72. 

AOT.~I)etoEii^^ geolc^caly. c. 340,000 years B.P. 

Remarks. — Fatma of middle travertine of Munster only. Other traver- 
tines* of different age. ' ■ ^ . ■ ■ ' - 

Fauna* — C arnivora t Ursus cf. (irdos L*, U, cf* spelmus Ros. (primitive). 
Ferissodaeiyia : Eqwm cf. taubachenais Freud., Dicerorkinus cf. merckii J%. 
(lohnitive), D. hem^oeEkus Falc.. (teste Freudenberg), Ariiodaetyla ; Cenms 
m^Ms L*, Bovlnae, sp* ' Proboscldea ; Elephas aMiqms Falc. 
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PBISrULTmATE fcTEEGLACIAL : GBAITS ThXJEEOCE:, EsSEX, EnGEAKD. 

Ree. — ^H iiitoE {1926a, 5), King and Oakley (1936). See p. 123. , 

Age. — ^Determined geelogically. Between 400 and 280,000 years B.P. 

Remabks. — ^Tkongh age somewhat uncertain, a typical Great- Inter- 
glacial fauna with Dama ddctonianuS) Dicerorhinus merchii and hemitoechus, 
and EUphas antiqnm^ plus a few E, trogontherii, A purely '' Pleistocene 
fauna, all Pliocene survivals having disappeared. ' . . . 

Fauna. — P rimates: Macmm pliocrndm Owen.," Insectivora : Ne^mys 
browni Hint., Sorex sp. Carnivora :' Bpp., Vulpes vulpes L., FeUa ef,. 
cattis L., Felis leo sptlmd Goldf,, Hymrm crocuki spd<Ba Goldf. Rodeatia: 
Evokmys cf. glareolus Schreb., Microtus agreatoides Hint., Arvicola prceceptor 
Hint., Castor fiber L. Perissodactyla : Equus mballmmosbachemis v. Reich., 
Dicerorhinus mercJcii Jag, (=== J?^i?w>C€ro5 megarkinus D. lieniitoechus 

Falc. Artiodactyla : 8m cf. acrofa L. (large- form), Hippopotamus sp., 
Cervus elaphus L., Dama clactonianus Falc., Megaceros sp., Cupreolus sp.. 
Boa Bp,, Bison sp. Elephm antiquus Falc., E, trogontherii 

Pohl. (rare). 

Penultimate •Iktebglaciaii ;: Glaoton-oh-Sea, Essex, -Englanb. 

ftEF. — ^Warren (1923), Oakley and Leakey (1937). See p. 123. 

Age. — D etermined paiseontologicallv. Between 400 and 280,0(K) years 
B.P. 

Remarks. — See Grays Thurrock. 

' Fauna. — Carnivora : Ursus sp., Felis leo spelcea Goldf., Hy<ma sp.^ (?). 
Rodentia : Microtus cf. aqreatoidea Hint., Arvicola sp., Castor fiber L. Perisso- 
dactyla : Equus caballus mosbachensia v. Reich., Dicerorhinus merchii Jag., 

D. hemitcechus Falc. Artiodactyia : Sus cf. acrofa L., Hippopotamus sp. (?), 
Cervus elaphus L., Dama clactonianus Falc. (==17. browni Dawk.), Megaceros 
sp., Bos primigenius Boj., Bos sp, (small), Bison priscus Boj., Capra sp. 
Prohoseidea : Elepkas antiquus Falc. 

Penultimate Intebglacial : Loweb Gbavbl, Swanscombe, Kent, 

- England. 

Ref. — S wanscombe Report (1938). Seep. 121. 

Age. — ^A pproximately Mke Clacton and Grays. 

Remarks. — Only Bamfield Pit, Lower Gravel and Lower Loam ; list 
kindly supplied by Mr. A. S. Kennard, A.L.S. Note that Ingress Vale near 
Greenhithe, Kent, which is often included in that of the Lower Gravel of 
Swanscomi^, has yielded a fauna which is curiously reminiscent of Lower 
Pleistocene deposits. This has been emphasized repeatedly by Hinton 
{e,g, 1926a, p. 126). For list of Ingress Vale, see Stopes (1904). See p. 115. 

Faun A*— Carnivora : • Ursus ct spelmm Ros., Canis sp., Felis leo 
Goldf. Rodentia : ' Miorotina indet. Perissodaetyla : EquuS ' cf. mbcMus 
L., Dicerorhinus merchii Jag, Artiodactyia : Cervus ef. elaphus^ L. (small), 
Dama dmtonmmm Fale.^ Bism sp. Protmscidea': EUphm anMqtuus Falc., 

E, trogontherii Pohl. 
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PeNULTBIATE iNTEEGIACIAIi (I/ATE),.: MiBBLE GeAVEL, SWANSCOMBly 
' 'Keot, Esblanb. 

Ref. — S waascombe Report (1038). See p, J21. , . ^ ' 

Aoe.-— J ttst prior to Tyrrbeaiaii Mgb sea-Ievel. c. 275,000 years B.P. 

^ Remarks.' — ^D eteriaiiied geologically. Lower Middle: Gravel and Homo- 
horizon only ; list kindly supplied by Mr. A. S. Kennard, A.L.S. 

Fauna. — ^P rimates t Homo cf. sapiefis L. Perissodactyla : Mquus ci. 
mballm L. {plmdem-gmup teste Hopwood), DicemrUnus sp. Artiodaetyla : 
Ceruus ef. elapkm L., Dama cladoniamis Fale., Bison sp. Preboscidea : 
Elepkas antiquus Falc., E. sp. 

Penultimate Glaciation, Phase 1 (Early) : Seconb Glacial 
Teebace, Thuringia, Central Germany. 

Ref.— Toepfer (1933, 1934, 1935). See p. 56. 

Age. — Determined geologically, c. 235,000 years B.P. 

Remarks. — Localities Lengefeld (l) and Camburg (c) on the Saale. 

Fauna. — Carnivora : TJrsus cf. arctos L. (l). Rodentia : Castor fiber L. 
(l). Perissodactyla : Equus cf. germanicns Nehr. (l), Dicerorhinus mercJcu 
Jag. (l), TichorMnus antiquitatis Blum, (l, c). Artiodaetyla ; Bovinse 
indet. (l, c), Capra ibex camburgensis Toepf. (c). Proboscidea : Elepkas 
antiquus Fate., tending towards trogoniherii PohL teste Soergel. 

Penultimate Glaciation, Phase 2 (Early) : River Terraces of 
Saale Area, Central Germany. 

Ref. — Grahmann (1935), Lehmann (1922), Soergel (1924). See p. 57. 

Age. — Determined geologically ; climatic aggradations just prior to 
arrival of Saale ice in the area. c. 190,000 years B.P. 

Remarks. — Localities Markkleeberg, near Leipzig (m), Korbisdorf on 
the Unstrut (k), Wettin on the Salzke (w), and river Urn near Weimar (i). 
Fauna poor, but decidedly cold/^ Elephants of primigemuS’>typ& begin- 
ning to replace E. trogontheriL 

Fauna. — Perissodactyla : Equvs cabaUus L. (m), TkhorTiinns antiquitatis 
Blum, (m, i). Artiodaetyla : Mangifer tarandus L. (k), Ovibos mosekatus 
Zimm. (w). Proboscidea : Elephas trogontheni PohL (m), E, primigenius 
Blum, (m, i). 

■> UPPER PLEISTOCENE. 

In the upper Pleistocene, faunas are climatically more clearly distin- 
guished. Since the temperate-interglacial climate is more or less the con- 
tinuation of the pre-Pieistooene climate, interglacial faunas are predominate! j 
composed of conservative forms such as brown bear, Castor fiber, Hippo- 
potamus, red deer, etc. The elephant of the Last Interglacial is E, antiquus 
(late form). It did not survive this interglacial in temperate Europe. 

The chief mark of the upper Pieistooene is the cold faunas of the thi*ee 
phases of the Last Glaciation. By this time, immigration and adaptive 
evolution 'had. supplied a of species well fitted for the peri- 

biotopei. Many, present M smaU numbers in earlier cold phases, 
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HOW become abundant : , arctic fox, , ’V'arjiiig' hare, lemmings and susliks 
(Citellus), caballine borses, woolly rMnoceros,.: reindeer,. musk-ox, mamniotb 
(E, primigemm B,. stT,), 

A peculiar addition to the upper Pleistocene fauna is Cuon alpinm 
Pallas, a dog of a genus now restricted to eastern and central Asia as far 
south as Jaya., ■, 

Last Ixteeglaciau : Wilbkibchij:, Sahtis, S^witzeelaxo. 

Ref. — ^Bachler (1906), Penck and Bruckner (1908), Koken (1912). 

A^b. — ^Determined geologically (Penck, 1908, p. 1174). Between 180 
and 125,000 years B.P. 

Remaeks. — ^A moiintaiD, cave, 1500 m. O.D, ; good instance of an alpine 
.Interglacial fauna,. 

Fauna. — Carnivora : Ursus spelmus Ros. (99 per cent, of bones), Canis 
lupus L., Cuon alpinus Pall., 3£ehs meles L., Lutra lutra L.(?), Maries rmrtes 
L., Felis leo spelcea Goldf., Felis pardus L. Hodentia : Arvicolid^, Marmota 
marmoia L, Artiodactyla : Cervus elaphus L., Capra ibex L., Eupicapra 
rupicapra L. 

.Last Inteeglacial : Beunbon, neae Sudbuby, Stjffobk, Engbanb./ 

Ref. — ^Hopwood (1939). 

Age. — ^Determined geologically. Between 180 and 125,000 years B.P. 

Remaeks. — ^An interglacial parklands fauna. 

Fauna. — Carnivora : Ursus spelceus Ros., Canis lupus L., Felis ho 
spelcea Goldf. Perissodaetyla : Equus cabaUus L., Rhinoeerotidae sp. 
Artiodaciyla : Cervus elaphus L., Megaceros giganteus Blum., Bos primu 
genius Boj., Bison priscus BoJ. Froboseidea : Elephas antiquvs Falc., E. 
primigeniuB Blum. 

Last Inteeglaciab (Late) : Lowee Teavebtine of Eheingsbobf, 
NEAB Weimab, Thubingia, Centeab Geeiuanv. 

Ref. — Soergei (1926), Koken (1912). See p. 67. 

Age, — ^Determined geologically, between R.M.143 and R.M.115. c. 
130,000 years B.P. 

Remaeks, — ^Late Last Interglacial, corresponding to Late Monastirian 
phase. Climate very mild, with Thuja and Walnut. A typical interglacial 
forest fauna. 

Fauna. — Primates : Hmm manderthalemis King. Insectivora : (?) Sorex 
araneus L. Carnivora : Ursus cf. arctos L., U, spelmus Ros., Canis lupus L., 
G. suessiYfold, (teste A. Weiss), Vulpes vulpes L., MeUs melm L., Lutra lutra 
L., Maries martes L., Felis catus L., F, ho spelma Goldf., Lynx lynx L., 
Eycena crocuta spelma Goldf. Rodentia : (?) Lepus sp., Myoxus glis L., 
Criceius cricetm L., (?) Arvimla^ ampMbius L., Castor fiber L. Perissodaetyla : 
Equw c£ obeli Ant,, DicerorMnus merckii Jag. Artiodaciyla : 8m mrofm 
antiqui Pohl., Cermis ehphus antiqui Pohl., Dama dama L., Ahes (dees L., 
Megaceros germaniem Pohl., Capreolus capreolus L., Bos primigenius Boj., 
Bison priscus Boj., (?) Capra sp. Froboseidea ■; Elephas antiqum Falc. 
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Last Ikteec;lacl4L (Late) :-- 'Bbehtfobd, Mibdlisex, England, 

Eef. — S eep, 126. ''Vv 

Age,— D etermined geoiogicaUy, ■ c. 130,000vyears B.P, ' ; ' 

Rbmabks. — ^Pauna of new site on Great West Road. ; determinations: 
kindly supplied by Dr. A, T. Hopwood. Interglacial forest fauna. ■ 

Patoa. — C arnivora : Hycemt cf. ermnta ErxL Artioiaciyla : Hippo- 
poiamm sp., Oernm elaphus L., Ilegctceros sp., Bos primigenim Bop, Bison 
priscus Boj. Frobescidea : , EUphas antiqum Falc. 


Last Glaciatiok, Phase 1 (Eaely)": Gbotte be Cotexcher, 

JtJEA MotJXTAINS, SwiTZBBLAXD. 

Ref. — ^Dubois and Stehlin (1932, 1933). 

Age, — Determined geologically, c. 120,000 years B.P. 

Reiviarks. — ^Faiina a mixture of forest and alpine types enriched by 
some tundra and steppe forms. Climate becoming cold on approach of ice 
of LGli, but forests still persisting. 

Pahka. — I nsectivora : Sorex sp. Chiropiera : Bhimloplius ferrum- 
equinum Schreb., Myotia myotis Borkh., M. sp., Plecotus cf. auritus L., 
Miniopterus scJireibersi Kuhl. Carnivora : Ursns arctos L., U. epelmus Eos., 
Canis lupus L., Ctmi alpinus mropmus Bourg., Vulpes vulpes L., F. lagopus 
L., F. cf. corsac L,, Mattes Tmrtes L., Mustela erminm L., Jf. nivalis L., 
Putorius putorius L., Chdo guh L., Fdia mius L. {==¥. silvestris Sobreb,), 
P, leo spekea Goidf., P. pardus L., Lynx lynx L., i. cf. pardina Temm. 
Eodentia : Lepus timidus L. {=£. variabilis Pall.), Eliomya cf. quercinm L., 
Myoxm glia L., Cricetus crieetus L., two other cricetids, Dicrostonyx henseli 
Hint., Evotomys glareolus Schreb., Microtus nivalis Mart., Jf . ratticeps Keys, 
& Bias., M, anglicus Hint., M, arvalis Pail., Arvicola cf, amphihius L., 
Apodemiis sylvaficus L., Sciurus vulgaris L., Marmota marmota L. Perisso- 
daetyla : Equm cf. faubachensis Freud, or obeli Ant., Dicerorhinus merchii 
J%. (t?), TichorMnus aivtifaitatis Blum. Artiodactyia : Stis scrofa L., 
Cervua elaphus L., Bangifer tarandus L., Bovinse indet., Capra ibex L., 
Bupicapra rupicapra L. 


, Last GiiAciatiox, Phase 1 (Late) : Wablbetheim, near Mainz, 

^ West QmMAHiY. 

Ref, — Schmidtgen and Wagner, see p. 67. 

Age. — Determined geologically, c. 110,000 years B.P, 

RmAEES. — Swampy deposits of a watering place in the steppe at the 
end of the loess pha^ when climate was improving and forests spreading. 
Lions and bisons of extraordinary size. 

Patoa, — Carnivora:' Ursus spekem Ros., Vulpes lagopus L., Felislm 
Goidf. Rodentia: Ammkt sp., Marmota bobac Muller, Perisso- 
feotyla: Mg^ms przmcdsMi Pol. (=»£. fetus Pal.), E. germanicus Nehr., 
TieJmhhms antiqmMis Blum. Artiodactyia: 8m 
scrofa L., C&^ms ei^ua L., Bemgifer tarandus L., Bison cf. hcmmm L., 
jB. 'Bo|» Pi%6o»oidoa_:'" Sl^hm primigemm Blum. 
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iNTEBSTABIAIi LGL^/g I UPPBB TrAVEBTINB OF EHMNaSBOBF, NEAR 
WeIMABj ThEEINGIA, CENTBAIi GBEMANY* 

Ref, — S ee Lower Travertme, p. 67. 

Age. — Betermined geologically, c. 90-100,000 years BP. 

Remarks. — 'Temperate faima, with some steppe forms and one cool 
species (Mangifer) probably from the lower layers. Soergel maintains that 
three phases are represented, (1) temperate-continental, (2) cooler phase 
with steppe, (B) milder temperate phase. 

Fatjha. — C arniFora ; Imira lutra L., Putorius putorim L., P, emramanni 
Less. Moientia : Myoxm glis L., Gricetm cricetm L,, Microfm urvalis 
Fall, or izgrestis L. Perissodactyla ; Equus sp. (large), E. hemionm Pall, 
(very small, {Asinm) hjdmniinm Reg.?, teste Stehlin), Dicerorhmus 
hemitmchm Falc., Tichorhinm antiquitatis Blum. Artiodactyla : Cervm 
elaphus L. (large), Megaceros cf. germanicus Pohl., C^apreolm mpreolus L. 
(large eastern form), Mangifer tarandm L., Bos pjrimigenim BoJ., Bison 
priscus Boj. Frobcscidea : Elephm primigenius Bium. 

Last Glaciation, Phase 2 : Youngeb Loess at Thiede, near 
Bbenswick, Nobth-west Gebmany. 

Ref. — ^N ehring, in Koken (1912, p. 217). 

Age. — Inferred on geological and paisBontological grounds, c. 70,000 
yearsBP. " ■■ ■■ 

Remabks. — ^Typical loess steppe. 

Fauna. — Chiroptera : Plecotus auritus L. (?), Eptesicus nilssonii Keys. &• 
Bias. (?), Carnivora: Canis lupus L., Vulpes vuVpes L., F. lagopus L,, 
Musiela erminea L., Jf. nivalis L., Putorius putorius L., Felis ^ apelcm 
Goidf., Hymna crocuta spelcea Goldf. Hodontia; Lepus timidus L. (?), 
Lagomys pusiUus Pail., Alaetaga jaculm Pall., Lemmus lemmus L., Dicro- 
stonyx forquatus Pall., Miorotus ratticeps Keys. Ss Bias., Pitymys gregalis 
Pall., Arvicola amphibius L., Citellus altaicus Eversm. Porissodaetyla : 
Equus caballm L., Tichorhinus antiquitatis Blum. Artiodactyla : Megaceros 
giganieua Blum., Mangifer tarandm L,, Bovinse indet,, Ovibos moschatus 
Zimm. Froboscidea : Elepkas primigenius Blum. 

Last Glacjiation, Phase 2 : Youngeb Loess of Mainz Basin, 
West Gebmany, 

Ref.^ — S chmidtgen, see p. 66, 

Age. — Determined geologically, c. 70,000 years B.P. 

Remarks. — ^Typical loess steppe of Younger Loess II. All from Linsen- 
berg except steppe marmot, from Wallertheim. Westernmost area reached 
by steppe marmot (see also LGl^ : Wallertheim). 

Fauna. — Carnivora ; Ursus spelmus Ros. ' Rodentia : Marmota bobac 
Muller* Ferissodactyla : Equus przewakhii PoL^ Tichorhinm antiquitatis 
Blum* Artiodactyla: Mangifer tarandus L.- . Proboseidoa : Elephm primi^ 
genim Blum* . 

Last Glaciation, Phase 2 (Late)::. Kessleeloch-md SchweizebsbiiiD , 

' NEAR SCHAITHAUSEN, LaKE CONSTANCE AbEA, SwITZEBLANB. 

Ref. — Studer (1904), Heierli (1907), Niiesch (1896), Koken (1912). 
Seep* 47* 



Metes meles Ju,, Musmm mvmu JU., Jrmonm eversmanm Less,, Qulo gulo L., 
Fel%s ocitoff liij" W'j- JW’ spei€B€t GfoMf., Jjpfuc I^ux L. Rodsiiiia : Lepus tmidus 
L,, Lagomys pusi^m Pali,, Bwista 'ntcmMna M4h., Cricetus cricetns L*, Dicro- 
stmyix^ torgmtus Pall., Evotomys ghreolus Schreb., Microtm ratticeps Keys. 
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Age. — ^B etermined geologically, o. 65,000 years B.P. ^ 

Remarks.— Contemporary faunas of Kesslerloch and tie ''yellow 
culture stratum ’’ of Schweizersbild. If found in one locality only, species 
marked (k) or (s). 

Composite fauna of tundra and subarctic forest, witn a few eiements 
from the steppe and others from the Alps. Indicative of sightly less con- 
tinental conditions prevailing after the climax of the glacial phase, 

Pauba. — I nseetivora : Talpa europma L. (s), Sorex araneus L., Crocidura 
rmsula Herm. (—G. araneus Schreb.) (s). Camivora : Ursus arctos L., 
Gank lupus L., Vulpes mlpes L., F. lagopm L., Lutm Mra L. (k), MarMs 
mariesL,,MusielaermimaL. (s), M . nivalisL.{^) (s), OuloguloL.^Felismanul 
PalL, F, leo spelma Goldf. (K), Lynx lynx L. (k). Rodentia : Lepus timidus 
L. (??), L. europcBUS Pail, (k:), Lagomys pusillus Pall, (s), (?) Myoxua glis L. 
(k), Oricetus cricetus cricetus L., Dicrostonyx torquatus Pall, (k), (?) Microtm 
nivalis Mart, (k), Jf. arvalis PaU. (s), Arvicola terrestris L. (b), A. ampUUus 
L. (s), Sciurus vulgaris L. (s), (?) Gitellm guttatus Pall, (k), C, rufescens Keys. 
& Bias., Marmofa marmota L. (k), Castor fiber L. Perissodaciyia : Equm 
cctJballus przewalsJcii Pol., E. hemionus Pall, (asinus-group), TichorMnus 
aniiquitatis Blum. (k). Artiodactyla : (?) Bus scrofa L., (?) Gervus elaphns 
L., (?) C. maral Ogilby (s), Oapreolus capreolus L., Mangifer tarandm L., Bos 
primigenius Boj. (k), Bison priscus Boj., Ovihos moschatus Zimm. (k), Ovis 
sp. (s), Capra ibex L., Bupicapra rupicapra L. (k). Proboscidea : Elephas 
primigenius Blum, (k). 

Ihtebstabial LQL2/3 : Pin Hole Cave, Bebbyshibe, England. 

Eee. — ^Armstrong (1931). See p. 135. Fauna is being studied further 
by Dr, J, W. Jackson. 

Age. — ^D etermined geologically, c. 60-30,000 years B.P. 

Eemaeks. — ^Fauna on the whole cold, with milder oscillation in the 
middle, but reindeer persisting. 

Fauna. — (a) Lower horizon with abundant reindeer, mammoth and 
woolly rhinoceros, and with arctic fox and arctic hare. 

(b) Middle horizon with abundant bison and horse, and with red deer 
and reindeer. 

(c) Upper horizon with abundant reindeer, arctic fox and arctic hare, 
and few bison and horse. 

Intebstadial LGL2/3 (late) : Peteeseels, neab Engen, Lake 
» Constance Abea, South-west Gebmany. 

Ref. — ^T oepfer in Peters, p. 76. 

Age. — ^Determined geologically, c, 33,000 years B.P. 

Eemabks. — Subarctic forest vsdth some open country, tundra or steppe. 
Climate becoming colder on approach of LGI 3 . 

Fauna.— InseeMrora-:' Talpa europcm L., Sor^ araneus L., S. minuim 
L., Neomys fodiens Pali., Crocidura russula Herm., Mrinaceus europmus L. 
Carnivora : Ursm ardm hipm L., Wulpm mlpes L,, F, lagopm L., 
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& Bias., M. agreatia L., if. armlia T^^^.Afvimla terrmtfis L., Ciidlm 
mfmcem Keys. & Bias., Marmota marmota L., Castor fiber L. Perisso- 
iaeifla : Mqum przewatsMi Pol. Artiodactyla : Sus scrofa L.,,Oervm 
elaphusL,f 0. of. maral Ogilby, Capreolm m-preolw-L., (large form), Mangifer 
taramdm L. Caaadian type/’ of. mrcticus Rich.), Bison or Bos sp., Capra 
ibex'h., Rnpimpra rupicapraJj, 

Last Glaciation, Phase 3 : Balyeb Hohlb, Westphalia, 
Nobth-west .Geemany. 

Ref. — ^Andree (1939). 

Age. — superficial deposit, almost certainly LGig. c. 23,000 B.C. 

Remabks. — Subarctic forest fauna (less continental conditions in 
Korth-west Germany 1 ) . 

Patoa. — Caraivora ; Ursus spelmus L., Vulpes vnlpm Ij.,. 3lmtela sp., 
Fdis mtm L. Rodentia : Lepm sp., Castor fiber h. Ferissodaetyla : Ticho- 
rhinm antiquitatis Blum. Artiodactyla : 8us scrofa L,, Mangifer sp. 
Froboseidea ; Elephas primigenius Blum. 

Last Glaciation, Phase 3 (Late) : Hohlbe Stein, Westphalia, 
Noeth-west Geeiaany.. 

Ref. — ^Andree (1931). 

Age. — ^A superficial deposit just antedating Postglacial, c. 18,000 B.P. 
or slightly later. 

Remarks. — Subarctic forest fauna like Balver Hohle, but mammoth 
has disappeared. 

Faitna. — C arnivora : Ursus spelmus Canis lupus L., Vulpes vulpes 
L., F. lagopus L., Meles meles L., Mvstela sp., Felis catus L. Rodentia : 
Lepm sp., Arviwla amphibim L., Castor fiber L. Ferissodactyia : Equus 
sp. Artiodaciyla : Sus scrofa L., Cervm elaphis L., Alces alces L., Capreolm 
capreolm L., Mangifer sp,, Bos primigenius Boj. 

BRITISH MOLLUSGA. 

Note, — ^The fists have been compiled by Mr. Day Kimball, F.G.S. With 
the exception of Stutton, they are based on lists given to him by Mr. A. S. 
Kennard, A.L.S., whose work on the British Land and Freshwater Mol- 
iusca has made this field peculiarly his own. I cannot express too strongly 
my gratitude to Mir. Kennard for his kindness in thus allowing me to use 
his results in the following lists, especially as they contain many corrections, 
additions and much unpublished material. Similarly I am indebted to !^£r. 
Kimball for his permission to publish his fist of the Stutton fauna and for 
his valuable resume. 

The following localities, all of interglacial age, have been included : 

AnMpenultimate Interglacial. — ^Cromer Forest Bed (see p. 105), localities 
West Runton (R) and Sidestrand (Si) (Reid, 1890, pp. 155, 161) ; Little 
Oakley, near Harwich (new, Kennard det.). 

Penultimate Interglacial. — ^Swanscombe (see p. 121), Lower Grave! and 
Loam (Si) and Middle Gravel (Sm) (Kennard, in Swanscombe Rep., 1938) ; 
Claeton-on-Sea (d) (Kennard, In Warren, 1923, 1935 ; see p. 123) ; Grays 
Thurrock (G) (Kennard, MS.'fist ; see p. 123). 



Lmt iMierolocial— Peterborough Gravels (rj, uve™n.vvai*xv^ 
Woodston sites ; and Cambric^e Gravels (Ca), Barnwell Abbey and 
rbSr^ites (kennard, 1922, pp. 120-130) ; Stutton, near Haxmch (St) 
fSaU det.,^so Kennard, 1922, p. 132) ; West Witte^, Bracklesham 
Sussex (W) { Johnson, 1901 ; Reid, 1892, 1893) ; Admiralty section, 

London (A) (Abbott, 1892). .j *■ rni /Tfonnorfl V 

Postglacial . — ^Various deposits postdating LGI 3 (Kennard det.). 

iiijjjiff.— Species now living in Britain. 

“I” In interglacials, present in all localities quoted. 

Mr. i)ay Kimball has come to the following conclusions regarding the 

Pleistocene MoUusca of Britain ; w. . V x, t>i • i 1 

Of th .6 two soiifC 6 s of 'clisng© wMcb. affected. tli 6 Keistoceno BiaiEffl 
(phTlogenetic evolution and migration), it would seem that the first played 
an extremely restricted part in determining the moUuscan fauna. The out- 
burst of evolutionary development appears to have taken place at an earlier 
date among land and ifeeshwater moilusca than it did a.mong the mammals 
and already to have slowed down to such an extent that little more than sub- 
specific differentiation occurred during the Pleistocene. But, if we con- 
centrate on a semi-isolated area like Great Britain, the effects of the other 
factor, migration, appear extremely marked. That this should be so m 
understandable if we bear in mind two circumstances. First, that each 
major glacial phase must have re-united Britain to the Continent and each 
interglacial phase have produced a similar isolation to that which exists 
to-day. Second, that with creatures like snails whose rate of dispersal 
must be extraordinarily slow, it may well have been a matter of chance 
which species did, and which did not, succeed in returning before island 
conditions were restored, to supplement the depauperized faunule that must, 
presumably, have resulted from any extensive glaciation of the British Isles. 
Of the reality of such (more or less * accidental changes the following 
lists appear to offer substantial evidence.’' 


Post- 

glacial, 


Penultimate Last Inter 
Interglacial. glacial. 
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I 




Land mollasca. 

Vertigo pv-silla Miiller 
V» angmtior Jeff. 

F. pygnima (Drap.) , 

F, mfitivertigo (Drap.) 

V ^ mhatriata (Jeff.) . 

F, moulimimna (Dupuy) . 

F. gmesii Gredler . 

F. comimia Scott . 

P^. ulpestris Alder . 
Columella edentula (Drap.) 
Tfmicaiellma hritannica Pilsb. 
Clamilia mgosa (Drap.) . 

CK parmila Fer, 

(J. pimiila C. Pfeiffer 
€, ventricosa (Brap.) 

C, Tolphii Turton 
O., mUoni Westerlrmd 
C. biplicata (Montg.) 

C, lamirmta (Montg.) 

Balea perversa (Limi6) 
Cecilioides acicula (Muller) 
Fyramidula rupestris (Drap.) 
Acanthinula aculeata (Miiller) 
A, lamellata (Jeff.) . 

Vallonia pulckella (Muller) 

F. esccentrzca Sterki . 

P’’. costata (Muller) . 

F. tsnuilubris (Brg.) 

‘F. tenuilimbata (Sandbg.). 
Punctum pygrrmum (Brap.) 

Gonyodiscus rotundatns (Mull.) 

G. ruderafus (Hartrn.) 

Viirea crystallina (Miiller) 
Metinella nitidula (Brap.) . 

E, pura (Alder) 
i?. radiatula (Adder) 

E. petronella (L. Pfeiffer) . 
Oxychilm cellarium (Miiller) 

O. alliarium (Miller) 

0. rogersi (B. Woodward) . 

0. drapamakii (Beck) 
Zonitoidea nitidus (Miiller) 

Z, excavatus (Alder). 

Vitrina pellucida (Miiller) 

F. major (F6r.) 

F. pyrermica (Fer.) . 

F. elongata (Drap.) . 

Limax sp. . 

Anon sp. . . . 

Euconidus fulvtts (Miilier) 
Frtaicicola Jrtiticum (Miiller) 
HeliceUa itala (Linne) 

LT. mrgaia (da Costa) 



Ante- . 
pcnaltimate 
Interglacial. 


.PenultiiQate ■ ' Last Inter- 
Interglacial. glacial. 

'Si,,a ' . p, w 

. P, Ga, W 
Sm, a ' . P,. Ca, 

, St, W 

Sm, CI,.G . + 


Post- 

glacial. 


Livini 
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Land moilasca. 

Aufee- 

peaultimate 

Interglacial. 

Femiltimafee 

Interglacial. 

Last Inter- 
glacial. 


Post- 

glacial. 


Living. 

E, mpef(da (Montg.) 

. ' ■ . 


P, Ca, A 


4- 


4* 

E, erayfardemis (K. & W.) 

0 

■f 





iff. Sinaia (Miiller) . 

CoeMiceUa muta {Miiller) . 



P, Ca 


_L 


. + 

Monacka cartusiana (Miiller) 





4- 


4* 

M, granukUa (Alder) 


Sm ? . 

. . 


+ 


4- 

Hygromia hispida (Linne) 

. B . 

SI, Sm, Cl . 

4* • 


4- 


4- 

H. Uberta (Westeritind) . 



^ Ca, St 


4- 


4- 

E. sirmlaSa (C. Pfeifier) . 



■' 


4- 


4- 

H. revelata (Michaud) 





4* 


4- 

X^ortex lapicida (Liiine) 


■ ci 

Ca, St 


4' 


4* 

Ariarda arhmtorum (Linne) 

. B . 

-f” 

P, Ca, 


4- 


4* 



St, w 





HeUcodonta obvoluta (Miiller) 



Ca, 


4- 


■■■4-., 

Hdix mmoralis Linne 

. B . 

4- 

P, Ca, 
St, W 


+ 


4- 

■E» koriemis Miiller . . 

. . . ■ ■ . 

Cl 

St 


4- 


4“ 

mpersa Miiller . ■ «. . 



V. 


+ 


4" 

H. pofncUia Lirme . 

* ■ ■ ■ ♦ . • 

» * 

• 


4- 


4“ 

Fresh water moHusca. 

Ante* 

penultimate 

Interglacial. 

Pemiltimatft 

Interglacial, 

Last Inter- 
glacial. 


Post- 

glacial. 


Living. 

Tlheodoxm fiumatilw (Linne) 

. . 

Sm 



4- 


4* 

T, caMianus K. & W. 

. . 





• . 

Viviparm vimparm (Linne) 





+ 


4- 

F, fasciatm (jMuller) 

F. diluvianua (Knnth) 


Sm^Ci? 1 



4- 


4- 

F, gihhus (Sandbg.) 

B 






' " . . ■ ' 

Valvaia cristaia Muller 

B, Si . 

4“ 

4* 


+ 


4* 

V, piscinalis (Muller) 


Sm ?,C1,G. 

-f 


4* 


4- 

F. andreana Menzel 

4- . 

Sl,Sm,Oi? . 





F* antique Morris . 


Sm, Cl, G . 






F. macrostoma Morch 


Cl ? 

P,’Ca 


? 


+ 

F. ncdicina Meake . 

Si, 0 . 

Sm 

■ *' * 




V, woodwardi Keimard 

B . 

* • ' ■»' 






Hydrohia ventrcaa (Montagu) 

■ ■ . 

■ . 

W 


+ 



E. fodigueli (Bouxgt.) . 

■■ ■ . 

Sm, Cl, G . 

P, St, w 



BytMmlla steinii (Martens) 

B . 




? 



Belgrandia marginata (Michaud] 

1 B, 0 . 

Sm/Cl, G ; 

4" 




Fseudamnicola confxisa (Frauen- 

■ .. 

Ci 

St, w 


+ 


+ 

feld) 

Nmnaturella runtoniana 

B,0 . 







(Sandbg.) 








BUhynia tentaculaia (Linn 6 ) 

Si , 

4- 

4- 


4" 


4- 

B. injkda (Hans) 

B,o ; 

SI, Sm, Cl . 

P, W 



B, kachii (Sheppard) 

• * , 

. « 

, . 


+ 


4* 

Assimniea grayana Fleming 

. . 

* . « 

. . 


+ 


-f* 

Fhysa fotdinalis (Linne) . 

E . 

Cl 

P, Ca, W 


“h 


4- 

F. hypnomm (Linne) 
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Cl 
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4- 


4- 

Ancykis iacmiris (Linn 6 ) . 

B,Si , 

Sm, Ci, G » 
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4- 

A.fiuvicdUu (Muller) 
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Lymnaem stagrmlis (Linn4) 

B, Si * 

4* ♦ 
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4- 
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B 

4- 
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4" 
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i’lesli water mollusca. 

Myxm glutinosa (Muller) 
Planorbu cormm (Liiine) 
P. pkmorhw (Liime) 

P. mrinatm Miiller 

P. leucostoma Millet , 

P. voriex (Linne) 

P. vorticulm Troseliel 
P. albm Miiller 
P. mronicti’S Per. 

P, Imms Alder , ..... , 

P. ewto (Linn©) 

P. contortm (Lmrie), 

P. compkmatus (Lima©) 

SegmenUna nitida (Miiller) 
Vnio pictorum (Linne) 
I/.Jwm«VlwB©tzius 
U. cantianm K. & W. 

U, Uttomlis Cuvier . 


£7. auricularia (Spengler) 

U. 'tnargarUifera (Liime) 
Anodonta miatina. (Linne) . 

A. cygnea (Linne) . 

A, minima Millet 
Dreissena polymorpha (Fallas) 
Corbicula fiuminalis (Miiller) 
Sphaerium rimcola (Lamarck) 
soUdum Jformand* 

S, hulUni Kennard* 

6’. comewm (Lixme) 

8, laoiistre (Miiller) . 

Fisidmm amnicum (Muller) 

P. astartoides Sandbg. 

P. cinereum Alder . 

P, supinum xl, Sebmidt . 

P. henslowanum (Sheppard) 

P, subiruncatum Malm 

P. UUjeborgi Clessin 
P. pulchellum Jen 3 Uis 
P. dhtusah 0. Ffemer 
P. nitidum Jenyns . 

P. milium Held 
P. Mbemioum Westerlund 
P. personcdum Maim 
P. emmnim Clessin . 

P. moitBsm&rkmum Faladilh© . 
P. tenuilineatum Stelfox . 

P, vinceniianum B. Woodward 


Aate- 

penultimate 

Interglacial 

Pennltiniate 

laterglaciaL 

Last later- 
glacial.' 

Post- 

glacial. 

Llting 

B 

• * * 


4- 

.. . . 4 - 

. . R 
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St 

4- 

4“ 

R 

Cl, a . 

4* ■ • 

4- 

4* ' 
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4- 

4- 

-- 
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4- 
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St 

4- 

4 - 
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4“ 

4" 
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4- 
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4“ 
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■ 4- 

j_ 

+ 

.. R. 
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4- 

“‘r 
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. R 

4- 
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4- 

. 4 -: 
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. R/Si 
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4- 

+ 

, R 
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4- 

4- 

. .Si 

Sm, a, G . 

St 

4* 

4- 

, Si 

Sm . 


. .. 



4- 

F, Ca, . 


. . 
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4- 





4- 

4- 

! R 
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St 

4* 

■ 4-., 

R 

G 
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G 


4- 

1 
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4* 

4- 

R 
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. . 

. R 

Sm 



4* 

. O 

Sm? . 


. . 


, R, Si 

Sm? . 


. . 
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-F 

+ 

4* 

' , ^ ■ 


Ca 
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-f 

i -f 

■ .+ ■■ ' 
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4“ 

+ 
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4- 
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* 4- 
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4- 
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4- 
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4- 

-f . 

. R, Si 
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4- 

4- 

. 4" 
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R 



4* 

+ 
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w 

4- 
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St, w . 

■■ 4*. ■ 
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4- 
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Sm 
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+ 

d” 

+ 

? 

-f 

t 
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+ 

4” 

-f 

4" 

4- 
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' * 'Either S. mlidum or 8, buUeni present in Sm. 
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B. THE TIME-RATE OF EVOLUTION IN THE PLEISTOCENE. 

If one considers the preceding lists of mammals as a whole, the most 
striking change that occurred in the course of the Pleistocene was the increase 
of the “ cold ’’ component of the- fauna, which reached a climax during the 
I^t Glaciation. It is natural, therefore, that pure pateontologists, like 
Hinton, Kennard, Stehlin and others, interpreted the faunal evidence as 
meaning that the maximum of cold was reached in the upper Pleistocene. 
The geological evidence, as exposed in this work, has since shown that the 
diwaie of the Antepenultimate and Penultimate Glaciations was Just as 
cold as that of the I^st. Since the fact that the mammals look colde>st 
during the Last Glaciation cannot be disputed, the only conceivable expla- 
nation appears to be that the fauna became increasingly adapted to cold 
conditions in the course of the Pleistocene. This interpretation is well 
l:K>rne out by the evidence. 

Of the two factors which brought about the adaptation of the fauna to 
the cold phases, one, migration, has been discussed on pp. 253”2o6. The 
other factor, ph^dogenetic evolution, though less conspicuous, is of even 
greater interest, since it throws some light on the time-rate of evolution of 
H|>ecies in general. 

For the purpose of studying the evolution of Pleistocene species it is 
necessary to select lineages of descent which can be regarded as reasonably 
certain. The requirements are (a) that the number of specimens on which 
the lineage relies is large enough in each deposit to account for individual 
and geographical variation, and (6) that the chronological succession of the 
forms is reliably known and covei^ed by a large number of deposits of difiPerent 
age. These requirements are fulfilled for comparatively few species only, 
at any rate for the time being. The following lineages may be regarded 
as approximately correct. Shght modifications may become necessary in 
the future as contemporaneous geographical races become known from the 
various climatic phases.* 

SoMB Likbages. — (1) Brown Bears. — Ursv^ ? arvernensis (Villafr.) ^ 

awernensis (Mqsbach, ApGli/a) ^-middle Pleist. intermediates usually 

classed as cf. arctos >arcto$ (upp. Pleist. and Recent). Partly teste 

Stehlin (1932). 

(2) Cave Bears. — Ursus ? etruscus (Villafr.) ydeningeri (Apigl, 

Ap(31i/it)— ' — ^suessenhormnsis (ApGL) spelceus (PIgl) >spel(Bus 

(upp. Pleist.). Partly teste Stehlin. (1932). 

(3) StHp^ Hycenas.—Hycena arvernensis (Villafr.) ^intermedia and 

ardiqm (low. Pleist.)— (low, Pleist.) >hymna L. (Recent, not 

in Europe). Partly teste Pilgrim (1932). 

(4:) SpoUed Hycenas.—Hyoma pterneri (Viliafr,, low. Pleist.) >cf. 

speicea (mid. Pleist.) ^crocvM with race spehea (mid. and upp. Pleist,). 

Partly teste Pilgrm (1932), Stehlin (1932). 

(5) Voles. — Mimomys newtoni (EGh/a) majori (Apigl) 

^ The diflSicuIty of nomenclature comes in here. It is difficult to design a satis- 
factory nomenclature for Recent geographical races. With fossil forms it is even 
wom&f partly because of the of palaeontologists to treat races, subspecies and 

ecological varieties as taxonomic and partly because the time-element cannot 

expressed in our pre^nt trinomial nomenclature. 
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Arvimla greeni (ApGii) >A, prmoeptor (PIgl). A paraEel lineage : 

Mimomys pliocmnicus (Villafr. to EGlj/g) intermedius (Apigl) — ^ 

Arvicola bactonensis (ApGIi). Both, lineages change from Mimomys to 
Armcoh by losing the roots of the molars entirely. Teste Hinton (1926«). 

{6} Dicerarhim MMnocemses. — Dicerorhinus eiruscus (Villafr., low, Pieist.) 

yfmrcMi (low., chiefly mid, Pieist. and Llgl), with a side-branch to D. 

Mmiimchm (mid. Pieist. to L61i/g). Cp. Zeiiner (1934), 

(7) Giant Deer, — Megamros t pUotarandoides Aless. (Villafr.)— -ymrtu 

cornis (low. Pieist,}- >germanicus (mid. Pieist.) >giganteus (upp. 

Pieist.). Partly teste Soergel (1927). 

(8) 8traigM4mlced Elephant. — Elephas meridionalis (Villafr., low. Pieist. 

to ApGIi)— — >antiquus (low. and mid. Pieist.) >!ate miiiq^ms (Llgl). 

Teste Soergel (1912). 

(9) Mammoth.— Elephas meridionalis (Villafr., low. Pieist. to ApGlj.) 

trogonfherii (low. and mid. Pieist.) >primigenms (LGl). Teste Soergel 

(1912). 

Evolutiok of PmsiSTOCENE ELEPHAJiTTS. — ^Tlie two elephant lineages, 
diverging from E. meridionalis, are here given as elaborated by Soergel, 
who relied on Pohlig’s earlier work. A diiferent view is held by Osbom 
(1942), who regards the straight-tusked elephant and the mammoth as 
descendants of less closely related stocks of elephants. It is possible to 
defend this view if one restricts the species to typical material of. E. 
meridicmalis, antiquus and primigenins. If one considers, however, the 
whole material of many thousands of specimens — ^many of them transitional 
— ^which are available in European collections, one finds that — 

(а) E. meridionalis appears to be the direct descendant of E. planifroris 
of the upper Pliocene of India (Osbom, 1942, p. 950). 

(б) In the Viliafranchian and the Early Glaciation, E. meridionalis is the 
typical form. Antiquus-like molars from this phase are advanced varieties 
of E. meridionalis (Soergel, 1912, p. 87), while a few trogontheriiMke molars 
have been described by Zuffardi (1913) as E. trogontherioides. Other molars 
resemble E. planifrons Ealc. and Cautl. (Hop wood, 1935). 

(c) During the Antepenultimate Interglacial, elephants of the types 
meridionalis '' '' antiquus'' and '' trogontherii '' coexisted, though a late 

meridionaUs-type was the most frequent {E. m. cromeremis Dep. and May). 
Records of ''E. primigenins '' refer to extreme trogontherii. 

(d) During the Interstadial ApGb/a, E. antiqnus dominates, A few 
doubtful records of E. trogontherii exist (Mauer : Soergel, 1914). 

(e) ApGIa has yielded E. trogontherii only (at Sussenborn), though with 

varieties tending towards E. meridionalis, and others towards E. prlmi- 
genius (Soergel, 1912, p. 60)’ Wust identified some molars as E. meri- 
dionalis, _ 

(/) In the Penultimate Interglacial, both E-. antiqnus and E. trogontherii 
are present and, as a rule, readily distinguished. Many molars are tran- 
sitional, however. E. antiquus is the more frequent species during this 
temperate phases ^ 

(g) In the Penultimate Glaciation# an advanced type of J®, trogontherii m 

present, with molars vary^ from typicid trogontiierii to specimens indis- 
tinguishable from E. 'pfdmigemus . ' • ' ‘ ^ , - ■ , - ■ ' , , - 

(h) In the upper Pleistocene E, antiquus and E, primigenins are two 
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Zetmer, 1944). The lormer^^cciirs^^^ 

' ,steppe"a.ad' tmdra biotopes.''':-. 

was to''de¥©lop' ffl:olars.;',with' ,, 

lamella^,, .which ..enabled .their ^ omers .■., 
advantageous tQ^ elephants . 

3 zone of climate. Consequently we find tMat 

ire^^tb^^'ortym^re efficient grinders is -.pM ^ the expans^^^^ 
of our group of elephants over the temperate and parts^^f the cold zon^.^ 
of the northern hemisphere (see Osborn, ^-ords 09260 

elephants appear to afford a para.llel to the •. ! They 

sn a Tinlv almost literally to the meridiomli^-stook. ot elepnants . xxmy 
p. 31) W 4 the nutritive value of the coarser vegetable 

i. grass, tough leaves, bark and roots, and by degrees 
unattractive provender for the softer and more^suc- 
nuts, tender foliage and green shoots eaten by their 
;;n2 rivals. Leaving dainties to others, they 
faffing food supplies which have m the course 
, the Microtinm, to colonize the Holarctic 
completely than any of the related groups.” 
succession, (a) to (ft), reveals tw^ mmarkable f^ts 
VUlafranchian and early Pleistocene, a grea,t 
■^.huugh a standard type of ^?. mendtomhs 
found ranging from the more primitive plam- 
Osbom, 1942, p. 964) to 
. In the middle Pleisto- 

and wierwiionuZis have vanished ; 
from a'nAiq%us to fropowiftem, with many mter- 
• Pleistocene, the intermediates 
!. trogmi^rii has ^developed into E. primigenius, and 

two entirely distinct species. ^ 
iC changes take place, the 

with the forest-biotope of the interglacial phases, 
•lineage becomes characteristic of the open 

„„d -- 1 .. It is in E. primigenius, 

oflb^, that the molars have developed 
' ’ ' Prom the Penulti- 

nnwards E trogonOierii-primigenim appears to have with- 
ider north and^t of the Old World during the temperate 
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clearly distinguished species (cp. _ 

temperate, chiefly forest, biotopes, the latter m 

.Overlap is rare..,, , „■ , . 

Tbe general trend in this group of elephants 

narrower and more numerous 
to take harder food. This was 
spreading into, the temperate 


appear 

substances, such as moss, 
they substituted such 
culent fruits, berries, 
ancestors and less enterprising 
thus tapped vast and never-f 
of time enabled their descendants, 
region more thoroughly and more c 
In particular, the succc 
First, throughout the late 

observed. Although 

-f 

?. at Piltdown, Hopwood (1935) 


variability is 

exists, extreme "«^ar^nts are 

tlm mo^advanced antiquus, and 
cene, the morel 

the variation now ra^es 
mediate specimens . . 

have dropped out ; E. 
it and E. antiquus are ' 

Secondly, while these 
increasingly associated ^ 
wMie tmgmtUrii-primigemuS’ ^ 
country, and finaUy of loess-steppe^and^tundra, 
which reUed on the roughest type c - ' , " 

into the most efficient grinders ; 

mate Glaciation < — 

^ viv difficult to explain this evidenc^ in any other way but St^rgel s, 
■i fi bv admitting that, from a meridwnalis-sbook of forest-elephante, two 
Aw^ed mraduaEv in the course of the Pleistocene, one adapted 
SteKate foreL (fftheJfare less divergent from the original stook-J? 
aTaiam^), and erne adapted_ to^the 


primitive types like planifrons 
Finally, in the* upper 
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adaptatioH of PSseEtial: organs to- the. prevailing conditions of life, does not 
stand alone. ' ‘Prom the instances of lineages given above, nos. (5), the voles, 
and (6), the dicerorhine rhinoceroses, afford close ' parallels. In both we 
find that the ' molars become adapted to coarser food. , , In the European 
voles the advance' from molars that cease" to grow in .the adult, to rootless 
molars which grow. throughout ■ life, is .made gradually during the lower 
Pleistocene (see Hinton, 1926^), when the periglacial biotopes developed in 
Europefor the first time. It is made in several lineages' independently, and 
secures efficient grinders for the entire Mfe-time of the mdividual. 

In the rhinoceroses the Viilafranchian and lower Pleistocene Dicero- 
rhinus etrnscus produced two variants which are present, together with the 
ancestral type, in faunas of the age of the ifcatepenultimate Glaciation or 
the Antepenultimate Interglacial. These are D. merckii and D, hemitcechus,'^ 
The former develops into a forest or parkland form and a companion of 
E. antiquus. The latter with its high-crowned molars and premolars became 
a denizen of the steppe, as was shown by Wiist (1922), and this view is con- 
firmed by the shape of the skull, which indicates a grass-feeder (Zeuner, 
1934, p. 51). In the late Pleistocene, it followed the mammoth on to the 
tundra (finds of frozen bodies of D, hemitmchm in Siberia), but generally 
speaking it was more tolerant of warmth than the mammoth, since it occurs 
in interglacial deposits also. Thus, D. merckii and hemitmcJms appear to 
have evolved in much the same way as E, antiques a>nd primigenius. The 
woolly rhinoceros {Tichorhinus antiquiiatis), however, was a steppe and 
tundra form which immigrated into Europe from the east. 

Only one rnore of the lineages summarized above can be linked with the 
great changes of environment during the Pleistocene, that of the cave bear 
(no. 2). This species, too, developed into an open-country form, though it 
never became an exclusive member of the cold ” faunas. It is found in 
steppe faunas of the cold type as in those of the interglacial type, and it was 
partial to mountain-prairies. 

On the remaining lineages (brown bear, hyaenas, giant deer) no comment 
can be made at present. 

Species-Rank of Late Pleistocene Poems. — ^In all the lineages quoted, 
however, the earliest and the latest stages are sufficiently different to be 
regarded as distinct taxonomic species. In the case of the voles, the passage 
to a new genus has been observed, but the morphological step was small, 
and the reception of the descendant into another genus entirely due to the 
definition of this genus. But among the elephants the mammoth differs so 
widely from its brother-species, E. antiquus, and from its ancestor, E, 
7mridionalis, that many workers place it in a different genus. The morpho- 
logical difference here is certainly so great that it is unanimously regarded 
at least as of species rank, and yet the change has proved to be the result of 
gradual evolution in the course of the Pleistocene. 

Time-Rate of Evolution. — ^Now, the absolute chronology affords a 
means of dating these morphological changes, and of assigning time to the 
processes of evolution. The period from the beginning of the Pleistocene 
to the upper Pleistocene elapsed while new species of elephants, rhinoceroses, 
bears, etc., were evolved. Since these lineages were taken &om various 
orders and since they show roughly the same rate of change, or less, than the 
* D. cf. hemit(Bchus in Mosbaeh, teste Wust (1922, p. 686). 


278 


^E^HE' -piiBlSTOCENB PEBIOB 


ehphmtB, it apj>eara that, at- least ia these instances, 500,000 years were 
required for the evolution of a new species. It remains to be studied whether, 
in other groups, species have evolved at a faster rate. Evidence afforded by 
some Insects (Zeuner, 1943)' points to approximately the same rate, whilst 
other insects (Zeuner, 1943, ' p. - 174) and mollusca (see Kimball, this work) 
have preserved their characters ' almost unmodified throughout the Pleisto- 
cene. Mth due caution it may;-: be suggested, therefore, that half a mdlioii 
years is a fast rate for the gradual evolution of a new species as suggested 
by paleontological evidence..; - ■ ■ - - 

The few figures suggested in the present chapter are merely intended to 
show that the chronology of the Pleistocene, both the climatic one and that 
in years, has a promising field of application in biology. Eesearch bearing 
on evolution has occupied many workers in recent years, yet all results, 
however valuable in their proper sphere, have suffered from the handicap 
that nobody knew how much time was required by evolution in nature. 
The careful working-out of hneages in the light of absolute chronology, as 
shown in a very sketchy manner in these concluding paragraphs, opens 
a way to attack this important question, and to contribute some new facts 
to the discussion of the problems of evolution. The essential pre-requisite 
for such work is, of course, a reliable chronology which — as I hope to have 
shown in the present book — can be established by means of a combination 
of palaeociimatological and astronomical methods. 
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Aare, Glacier, 45 ; Kiver, 47, 170 
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Acme lineata, 270 

Adams, J. C., 142 
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Aftonian, 49, 53, 244 

Aggradation terraces, 20, 21 
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Airy, G. B., 142 
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Alaska, ice-wedges, 13 
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Aka impennis, 178, 195, 196, 201 
Alces, 258 ; alces, 255, 265, 269 ; laUfrons, 
70, 71, 260-262 
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Algeria, 184, 231, 246 
Akpex lagapus, 67 ; see Vzdpes lagopus 
Alpine chough ; see Pyrrhocorax pyrrJm- 
corax 

Alpine divisions, 31 

Alps, frost soils, 9, 13 ; glaciations of, 40 
Alsace, 69 . , , , . ^ ^ 

AJster Glaciation, 33» 37 
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Altterrasse (Alps), 43, 53 
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Amiens, 84, 93, 94 

Anaxagoras, 140 
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Andes, 244 ; frost soils, 9, 13 

Andreae, A., 69, 70 

Andr^e, J., 268, 302 

Angel Road, 130, 131, 133, 134 

Angot, P,, 142 

Angstrdm, A., 155, 292 
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Antarctica, 8, 156, 158, 223 ; ice-cap, 
water locked up in, 224 
Antepenultimate Glaciation, 38, 4S, 52, 
53, 63, 70, 72, 77, 79, 91, 99, 135, 168, 
175, 247, 258, 274 ; Interglacial, 70, 72, 
79, 91, 99, 114, 135, 175, 249, 258, 269 
“ 49, 50, 248, 281 


Antevs, B., 

Anticyclone, glacial, 156, 205 
Anzio, 187, 188 
Aphelion, 138, 139 
Apodemua sylvaticus, 260, 266 
Appennines, 182 
Apuan Alps, 182 
Apulia, 177, 191, 196 
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Area; 242 
Arcachon, 232 
Archaeology, iii 

Arctic fox ,* see Vttlpes lagopm 
Arctic Freshwater 36W (Groimer), 
Arctomys, 67 ; see Marmota 
Argile ror^o, f9, 82-84, 89, 128 
Alania arbtistorum, 272 
Afwn sp., ,271 » 
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. itenstrong, A. L*, .135, 220, .268, 288, 297 
Arsenal (Taranto), 232 
. Armcola, 259, 260, 26!^ 262, 263, 265, 266, ^ 
275 ; uMphibius, 266, 266, 267, ^ 268, ^ 
269 ; hmMmnBU, 261, 275 ; ^^reani, 71, j 
261®, 275 ; intermedimt 259 ; pf(B- i 
263 ; Urrestfis^ 268, 269 | 

Ash (tree), 67 j 

Adfim ; see Mqum j 

Ass ; see Eqmta hydrmtmm j 

Assiminea grapam, 272 j 

Astian-Plaisaneian (Alps), 46 I 

AdraliuM mgosum^ 232, 235 j 

Astronomical sequence, j 

■ . 136, A65, 215; time-scale, 168, 170 ! 
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78 

Atilt dll Mesnil, G. d% 89,, 259, 284 

Australia, 243 

Aylesford, 126 

Azeco goodaU% 270 

Azores, 232 

Bfchler, B., 302 ' 

Baeton, 260, 261 ; Eorest Bed, 105, Ml ; 
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Baden-Boweil, D* E. W.,, 102, 103j 104, 
112, 235, 237, 239, 288, 299 , 

Badger, 194, 195, 198 ; sm Meks ■ 
Bahia, 245 ; Blanca, 245, 246 ; ■ Hueva, 
245 
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Bolea perversa, 271 

Bail, •.E,,. 141,. .,142,.,,^ . 

Baltic, 238 

Balver Hohle, 26S 

Balzi Rossi (Grimaldi), 179, 233 

Baouss5-Rou^ (GrimaMi), 179 ' 

Bara loop, 36 

Bmheia rubra, 237 

Barraa Grande, 180 

Barnacle goose, 195 

Barnes, 126, 133 . 

Bamiield Pit, 116, 120, 12§^124,- 263 

Barnstaple Bay, 239 

BamweU Abbey, 270 

Barrow, G., 117, 288 

Bars, coastal, 226 

Basle, 43, 47, 61 

Bate, D. M. A., iii, 196, 197, 199, 2m, 201, 
295, 296 ' ■ , ' , ■ 

Bat-guano, 177 

BauHg, H., 164, 165, 225, 237, 292, 299 

BauscMnger, T., J43, 292 

Bavaria, Wiirm in, 45 

Beach deposits, 226, 229 

BeaconsfieM, 117, 118, 122 

Bealey (New Zealand), 145 

Beam (river), 126 

Beck, P., 46-47, 153, 171, 281, ''292, 295 
Bela trevelliana, iurricula, 237 
Belcroute Bay, 236 


Belgium, ■■ 238 ■■ -r ■ 

Belgrandia marginata, 272 
Belle Hougue Cave, 234, 235, 238 
.Belloy-sur-Somme, 94, 96 , 

Berger, .P., 61, .284 

Bering Straits, 162 ^ ■ 

Berlin, 145 ; borings near, 32 
Bernseny J* J. A., 257,, 259, 302. , 

Betula, 184 ; narm, 34, 37 ; pubescens, 34 
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Biglaciaiism, 31 
Bigot, A., 82, 236, 237, 299 
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Bipartition of ice, 36 
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Bisat, W. S., 110, 288 
Biscay, Gulf of, 237 
Biskra (Algeria), 145 
Bison, 260, 263®, 264, 268®, 269 ; bonasus, 
67, 255, 260, 266 ; priscm, 67, 255, 261, 
262, 263, 265®, 266®, 267, 268 
Bitkynia infiata, leachii, tentaculata, 
Black-earth, 16 ; see Chernozem 
Black Forest, 9, 47, 61 
Biackwater, 116 
Blakeney eskers, 107 
Blanc, A. C., iv, 160, 177, 182-188, 190, 
191, 201, 202, 232, 233, 238. 251, 292, 
295, 296, 299 ; G. A., xv, 177, 178, 
191-195, 296 

Blwokenhom, M., 6, 279 

Boismont, 94 

Bolton’s pit (Ipswich), 108 
Bonaoina, L, G. W., 154,^ 29-« 

Bones, weathering of, 66 
Bore -holes of shells, 226, 229 

Bo™T74r^261, 262, 263*, 264, 266, 267, 

269 ; prirnigenius, 70, 133, 193, 19o, 
255, 263, 265®, 266, 267, 268, 269 
Boswell, P. a H., iii, 102-106, 108, 109, 
127, 213, 288 
Bottom-moraine, 2 
Boucher de Perthes, M., 89, 284 
Boulder-elay, 2, 7 

Bouie, M., 179, 180, 201, 233, 259, 206, 
299 

Boulogne, 236 

Bourdon, 94, 95 

Bourne End, 116, 124, 125 

Bowier-Helley, A„ 91, 92, 284 

Boyn Hill Terrace, 114-116, 120-123, 132 

“ B.P.” = before present, 144 

Braehyprosopus vireii, 258 

Braoklesham Bay, 270 

Braintree Line, 135 - 

Brandenburgian, 32, 36, 37, 40, 45, 51-53 

Brandywine Terrace, 244 

Brasenia, 34 

Brauhauser, M., 72, 284 

Breccias (cave, etc.), 176, 178 

Brecciated-olay moraine, 240 
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I i^amSy zbO, Zbi, 263 ; armnsiSy 2o7 ; 

1 arvermmUy 258,^ ' 261; etrummy 2^1 
9-93, 98, j falconeriy 257 ; lupiiSy 260, 265^, 266, 

5, 299 267, 268®, 269 ; majori, 257 ; mosbmhsn- 

si$f 261, 262 ; olwolanu.9^ 257 ; suesifiy 
265 

8, 189 Cannstatfc, 20, 72, 262 
Canonic units, 146, 150 
Cape Agulhas, 243 ; Clear, 113; Gris 
Museum Nez, 236 ; Infanta, 243 ; Point, 1^42 
Cape Town, 241 
Capo de Tres Puntas, 245 
Capra, 194, 263, 265 ; ibex, 181, 255, 

265, 266, 268, 269 ; i, camburgemis, 

264 

159, 162, Capreolas, 258,^ 260, 263 ; capreolus, 260. 

261, 262, 265, 267, 268, 269®; recius, 
260 

92 Caprovis savini, 260 

Carboniferous North Pole, 161 
166-168, Cardinal points, 139 
Caribou, 254 
Camsore Point, 113 
Carpentier, carri^re de, 89-91, 98 
Carpinus, 34, 60 
Carrion-crow, 195 
Cartailihac, E., 180 

w, 237 CarycMum minimum^ ovatum, iridenZaium, 

270 

Castillo Cave, 201, 203 
Castor fiber, 259, 260, 261, 263®, 264®, 
265, 268, 269®; pUcidens, 257, 260; 
rosinm, 257 
Castro (Apulia), 191 
Caton-Thompson, G„ 208-210, 297, 298 
3, 89, 90 Caubert, 94 
289 Caucasus, 40 

Cave bear; see Ursus spelcem 
96 ; see Cave deposits, 76 ; Mediterranean, 176, 
179 

Cave-earth, 176, 177 
Cecilioides acicula, 271 
Central Europe, river terraces of, 62 
Cervus ardeus, 259 ; brovmi, 263, see 
Dama clactonianus ; carnutorum, 259 ; 
ctenoides, 258, 259 ; dawkinsi, 260, 261; 
dicranius, 258,259 ; elaphm, 67,79,255, 
258, 260®, 261®, 262®, 263®, 264®, 265®, 
266®, 267, 268®, 269 ; e. anMqui, 265 ; 
e, jerseyemist 235 ; etueriarium, 258 , 
260® ; Jalcomri, 259 ; moral, 262, 268, 
188 269 ; nestii, perrieri, philisi, 258 ; 

’ • ■ pcUgrmcm, 260, 261 j , rtoi-jasww, 258, 
3 .259 1 - 258 , 269 ,'" 261 

!'■ ' jsejwM, 258 ;• 260 ; stxUonmmo, 

259 ; 'teguUmns, , 26 - 8 , 259 , 260 ; tetra- 
oeros, 260 

* Chalfdnb m. Giles, 117 . '■ , 

',,v Ckalieotibermm, 216’ _ 
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Chalky Boulder-Clay, 104 
Chalky -Jurassic bouIder-cIay, 102, 108 
Challis, J., 142 
Cliaml>Brlam, T. C., 49, 281 
Chandler, B. H., 120, 289 
Channel Islands, iv, 227, 2J4, 249 
Charlesworth, J. K., 111-113, 289 
Chatwin, C. 112, 289 
Chelsea, 126 

Chemical weathering, M 
Chemin-de-fer, bailasti^re dn, 84-86 
Chenies, 117 

Chernozem, 15, 16, 76, 78, 163 
Chertsey, 125 
Chesil Bank, 230 
Chestnut soils, 16, 18 
Chichester, 239 

CMlesford Crag, 102, 104, 106, 110 
Chiltem Hills, 117, 121 
China Sea, 240 
CM&ne, 242 
Chowan Terrace, 244 
Chronology, geological or archaeological, 
■■ "iii, ■xii ■■ . ■ ■ 

Chrysodomtis antiquus, 237 
Church End, 119 

CUellus, 255, 262 ; dltaicua,,. 267 j 
mm, 268 ; mfescem, 268, 269 
City of London fiat, 126, 134 
Clacton Channel, 123 
Clactonon-Sea, 123, 124, 263, 269 
Clare, Co., Ireland, 113 
Clark, J. D., 220, 298 ; W. E. le Oros, 
123 

Clarke, E. de G., 243, 299 ; W. B., 241, 
299 

Clausilia biplicata, Imninata, purmla, 
pumild, rolphii, rugosa, suUoni, veritri- 
cosa, 27 1 

Clay with Flints (Thames Basin), 117 
Clays, 14, 15 
Cliffs, 226, 227 

Climatic sequence (Britain), 113; (general) 
166 ; Terraces, 23, 25 ; zones, origin 
of, m 

Cochlicella acuta, 272 
Cochlicopa lubriea, 270 
Cochrane, Ontario, 50, 51, 53 
Oocquerel, 94 
Coharie Terrace, 244 
Coleman, A. P,, 49, 281 
Colenette, A., 234, 299 
Colloids in soils, 19 
Colne (River), 116-119, 121 
Colonia del Sacramento, 245 
Calumba lima, 193 
Columella edentula, 271 
Comment, V., 81, 86-90, 92-94, 96, 259, 
285, 302 

Oomte-Baonl, rue du (Amiens), 89 
Conde-Folie, 94 

Gonodontes hoisviletti, 259, 260, 261 ; see 
Trogontherium cuvieH 


'< Constance, 47 ; Lake, 45, 47, 61, 67, 267, 
; 268 

; Contemporaneity of Pluvial and Glacial 
I Phases, 217 ■ 

, Continental climate, 64, 145 
i Contorted drift, 2, 103, 104, 108, 162' ' 

j Convection-current theory, . I? 

Cook, W. H., 126, 133, 289 
: Cooke, C, W.,^243, 244, 299 ; H. B. S., 
220, 298 ; J. H., 230, 301 
i Coombe rock, 7, 76, 85, 87, 91, 127, 230 
i Coralline Crag, 104, 106, 110, 117 
; Corhicula fiuminaUs, 273 
: Corbie, 94 

: Gomwaii, 239, 241, 248 
: Corton, 102, 104, 109, 110 ; Sands Inter- 
; glacial, 104 
Coteneher, 266 
I Cotii Point, 235 

I Cotte a la Chevre, 234 ; de St. Brolade, 

I 234, 236 
j Cotton, !M. A., 123 
; Counts of erratics, 173 
: Courtmaesherry Bay, 113 
Coy Inlet, 245 
I Cracovian, 39 

I Crag fauna, 27, 28, lOo; series, 101, 102, 

I 104, 105, 114, 174, 247 
i Crasdbrd, 127 
i Creswell Crags, 135 
i Cretaceous transgression, 164 
! Cr'©vsbss6s "3 

( Crieetm cricetm, 265, 266, 267, 268®; 
j runtonemis, 200 

: Crocidura araneus, 268 ; rmsuJa, _ 268®, 
i samaritana, 198 
i CrolJ, J., 141, 142, 160, 292 
j Cromer, 103, 104, 260 ; Forest Bed, 71, 
72, 90, 104-106, 110, 114, 132, 135, 

1 260, 269; Bidge, 107, 109, 110; Till, 

I 103, 104, 108 
I Crotovines, 16, 82 
I Grout, 94 
I Croyde, 239 

j Crustal relief, intensification of, 165 
! Cryoconite, 5 
I Cidverwell. E. P., 141, 292 
Cumberland, 1X3 

Cuon alpinuB, 265® ; a. eutopmus, 266 
Curwen, E. C., 239, 301 
I Cynailufua elatm, 257 
I Cyprina islandica, 201, 202, 232, 247 
I Czechoslovakia, iv 


Dagenham, 122, 126 

Daly, B. A., 112, 223, 225, 238, 248, 289, 
298, 299 

Darm dactoniarms, 115, 175, 263^, 264, 
see Cervus browni ; dama, 115, 175, 
239, 265 ; mmopotamica, 197, 198, 199 ; 
aavini, 115, 175, 258, 260, 261 ; somon- 
enais, 258, 260 
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Danish Middle Bed, 34, 38, 68, 69, 79, 

80,172,174,251 
Daonrs, 94—96 

Dartford, 122, 247 ; Heath gravels, 119, 
120 

Darwin, Charles R., 164, 244, 245, 292, 
299 

Daun, 42 . , 

Davidasehvili,. L. S., iv 

Dead ice, 3, 157 

Decalcification, 19 

Deckenschotter, 41, 42, 46, 48 

•Deckterrasse, 43, 53 

Deglaciation, complete, 164, 248 

Deinotherium^ 215 

Denmark, 33, 52, 238 

Dent-ex vulgaris^ 194 

Deperet, C., 231-233, 236-238, 299 

Depereiia ardea^ 253 

Depressions, deviation of, 157, 153 

Derbyshire, 135 

Desmana, 259 ; magna, 260, 261 
Despott, G., 195, 296 
Detailed relative chronology, 31, 100 
Deviation of barometric depressions, 203 
Devils Tower, 200 
Devonshire, 113, 239 
Dewey, H., 112, 127, 129, 239, 240, 289, 
299 

Dicer (ythinus, 264; etruscus, 27, 70, 71, 175, 
258 ^ 2593 , 2603 , 2613 , 2622 , 275 , 2773 ; 
hemitoechus, 2623, 2633, 267, 275 ; 

leptorhinus, 258, 259, 260 ; megarhiniia, 
260, 263 ; merckii, 27, 28, 69, 70, 90, 
175, 180, 181, 192, 193, 199, 202, 255, 
258, 259®, 2603, 261, 262, 263®, 264, 
265, 266, 275, 277 

Dicrostomyx, 255 ; henseli, 266 ; tor- 
qiiatus, 267, 268® 

Dieppe, 237 
Dieskau, 59 

Diessenhofen phase, 45, 47, 48, 53, 76 
Diestian, 115, 117 

Dietrich, W. O., 32, 33, 39, 172, 281 
Dines, H. C., 120, 123 
Dnjepr, 40 ; Lobe, 76 ; Loess, 79 
Dolichopithecus arvernemis, 258 * 

Don, 40 

Donau phases, 43, 53, 78, 80, 174 
Donax, 242 

Dormouse, 195 ; see Myoxus 
Dover, Straits of, 228, 236-238 
Down, Co., Ireland, 113 
Drayson, A. W., 141, 292 
Dreissena polymorpha, 273 
Drift ice in North Atlantic, 157 
Drumlin, 42 
Dryas, 34 

Dry -steppe soils, 16 

Dubois, A., 266, 302 ; G., 236, 237, 251, 
299 

Dficker, A., 5, 7, 9, 279 
DulicMum, 34 


Dimes on lagoon-bars, 1 90 
Dwarf-birch, see Betula nami 
Dwarf-willow, see SaHx polaris 

Ealing, 124, 126 
Eagle, 195 

' Early Glaciation, 48, 52, 53, 63, 75, 79, 
99, 100, 168, 175, 249, 251, 257, 258 
Earth, mass of, 143 
East Africa, 208, 210, 214, 217 
East Anglia, ., 27, 101, 132, 135; see also 
Norfolk and Suffolk 
East Prussia, 238 
East Rtmton, 104 
East winds, j 157 
Eaucourt, 94 

Ebbsfleet, 19, 127, 128, 129, 130, 132, 135 
Eberl, B„ 23, 41-44, 46-48, 52, 54, 63, 
75, 80, 166-168, 170, 174, 279, 281, 295 
Ebersberg stage, 45 

Eccentricity, linear, 138, 139 ; of orbit, 
73^, 139, 141 
Eckardt, W. R., 157, 293 
Ecliptic, 137, 138 
Edinburgh, 145 
Edmonton, 131, 133 
Edward, Lake, 213 
Edwards, D. L., iii 

Eem (series), 38 ; submergence, 34 ; sea, 
28, 238 

Eerste River, 242 
Egypt, 195, 209 

Ehringsdorf, 20, 33, 67, 68, 72 ; Lower 
Travertine, 265 ; Upper Travertine, 
267 

Einstein, A., 146 
Ekholm, N., 141, 293 
Elbe (river), 59, 60, 61, 62 ; Glaciation, 
33 37' ' 

Elephas, 174, 221, 264: (evolution) 275 ; 
antiquus, 28, 69, 11. 72, 79, 87-90, 
99, 126, 175, 180, 181, 192, 193, 202, 
214, 254, 255, 258, 259®, 260®, 261, 262, 
263«, 264®, 265®, 266, 275, 276, 277 ; 
a, rechi, 215 ; meridionalisy 21, 79, 90, 
99, 175, 215, 258^ 259®, 260, 261®, 
275, 276, 277 ; m. cromeremia, 260, 275; 
m, nesti, 260 ; planifrons, 214, 215, 
259, 275, 276 ; primigeniue, 27, 28, 67, 
79, 09, 115, 133, 175, 181, 188, 255, 
260®, 261, 264®, 265, 266, 267®, 268®, 
269, 275, 276, 277 ; trogontherii, 71, 
79, 115, 179, 258, 260®, 261®, 262, 263®, 
264®, 275, ,276 ; trogcmlherioides, 275 
Eliomys quercinm, 266 
EUobiuB pechryohua, 198 
Elster (river), 60, 62, 63 ; Glaciation, 32, 
36,' 51-53, m, 62, 77, 79, 110, 114, 

262 

Elton. O. S., t, 2T9 » ; - • 

ElwM horizon, 15 

Em^a orMcularia, 67, 68 ^ 

En 0 montkma, obwura, 270 - 1 -;^. ^ 
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Endsleigh Gardefts, 125 
EEd*momines» 2, S2 
Engea,.- 76,.„,.26S 

Eaglaeial moraine, 2 ^ 

Eaglandt ,64, 75; nortii of, llu ; 
soatfe coast, 238-240 

Eaglisb diaanel, 81, 228, 234, 236, 237, 
241, 248, 266 

Eoanihrcpm, 175, 259; see Homo datvsont 

Mpiemcua nilssonii, 267 
Equator, calorie, 210, 
geographical, 218; 

2JS 

Equinoxes, 139 
Equm, 133, 174, 2C 
265, 266 ; minus, 


269® ; Iso spelcBCtf 255, 260, 261, 26a’V. 
265®, 266®, 267, 268®; lunensis, 257 ; 
7nanult 268 ; pardus^^ 261, 265, 266 ; 
silv&striSf 266, see Felis cotiis 
Feltham,' 124 , , ^ ■, 

Fennoscandian end-morame, 5.*, 40, ai, 

53 

Ferine de Grace, La, 95, 96 
Ferugiio, E., 245, 299 ^ ^ 

Finchley, 116, 118, 119, 121, 122; Leaf, 


217-219, 222 ; | PerugUo, E., 245, 299 

meteorological, 217, j — ,, , 

■ . I ; 119 ^ 

I Finiglacial, 36 

f *">68® 269 ; abeU^ ‘ Finsterwalder, 160 
258 ; ■ caballus, 194, ’ Fir, 184 ; see .46zea 
)5, 267 ; curvidem, ; Fischer, P., 200, 296 
gsrtmnieus, 70, 262, ’ Fiammg moraine, 32, 3o, o3, o9-6i 
255, 266, 267, 268 ;; Flanders, 237 icr 007 9^0 

195 267 ; moshach- | Flandrian transgression, I80, ^5/, 

>63® ; plicidem, 264 ; j Fleet (river), 126 
, 266, 267, 268, 269; : Flint, R. F., 165, 293 
rohustus, 258®, 259®, ; Floodioam, 5 

258®, 260, 261, 262 ; Floodplain Gravel (Thames), 125 ; gravels 
58 ; susserdiornemisj ! (age), 63 
262, 266 Florida, 243 

, Fluvioglaciai, 23 

diMSyl^^imropwuB^ Forel, F„ 160 

Forest-steppe, warm-contmental, 254, loo 

45 * Forrer, 69 

. Fowler, J., 239, 299 
sure, 167 j Fox, A. Lane, 289 

; France, iv, 75 

} 227 i Frankenhausen, 262 ^ 

e, see Dieerorhinm \ Frankfurt phase, 32, 36, 37, 40, 4S, 52, 53 

: Freiburger Wissenschaftlicbe Gesellschaft, 

ri . : I iv ■ ■ 

h 224, 225, 247, 248 ! Fremington, 239 

river, 96, 117, 121 ; 1 Freudenberg, W., 69 

interference, 61; | Fr^viUe, carnere, 89, 90, 9/ 

96,98 i Frindsbury, 126 , . 

1 Frost, climate, 4, o5 ; cracks, 10 ; neavmg, 
; I soils, 6, 12, (distribution of fossil) 

9 253, 274, 277 ! 13 ; weathering, 5, 6, 178 

260 263, 266, 268 : Fruticicola fruticum, 271 

Fulham, 126 
Fusm jejfreysianiis, 239 


Gagel, C., 32, 281 
Galie, J. G., 142 
Galon, R., 281 
Gamblian, 212 

Gams, H., 39, 175, 282, 295 
Gardner, E. W., 208-210, 279, 297, 298 
Garrod, B. A. E., 196, 197, 200, 296 
Gascony, 237 
Gmtrochmna, 229 

Qazella, 197, 198, 199 ; anglica, 259 
daviesiif 259 ; julieni, 258 
Gazellosplra torticorniSf 258® 

Geer, G. de, 37, 168, 170, 295 
Geikie, J., 112, 113, 279, 289 


Fallow-deer, 115, 192, 193 ; see Dama 
Farm Creek (Peoria), 49 
Faroes, 13 .. 

Fauna (changes), 253, 255, 256 ; ** cold ” 
or “‘warm,” 253, 274; evolution, xi, 
253 ; and bora as climatic evidence. 


Faunal break (Mt. Carmel), 198, 199; 
(pre-Tyrrhenian), 233, 248 ; (South 
Africa) , 24 1 
Fayum, 208, 211 
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Geological dating, 1 ; Society of London, 
iv ; Survey of Britain and Wales, 289 
Geologists’ Association, iv 
George, T,;. 'N., ■■■112, '289 , ■ 

Gerrard’s: Cross, "11:8, 110. 
Geschiebezahiung, 33 ; see Erratic index, 
Stone counts " 

Gibbnla umhilicata, 239 
Gibraltar, 196, 200, 201, 203 
Gignoux, M., 69, 164, 175, 231-233, 293, 
295, 300 

Girmounsky, A* W., 39, 175, 282, 295 
Glacial anticyclone, 166, 157, 159 ; climate 
(France), 81 ; phases, 44 ; terraces 
(Thuringia), 57, 62, 63, 79 
Glaciation, 44, 204 ; curves, 171, 251 
Glacifluvial terraces, 23 ; (in Alps), 41 
Glienieke, 3 

Gliitsch phase, 46-48, 53 
Godwin-Austen, R,, 239, 300 
Golfo de San Jorge, 245 
Qonyodiscus roturidatus, ruderaius, 271 
Goodwin, A. J. H., 241, 300 
Gosselet, J. A. A., 236 
Gower, 112, 113, 132 
Grabau, A. W., 165, 293 
Grafenrain, 261 

Grahmann, R., 4, 6, 57, 60, 172, 173, 264, 
279, 285, 286, 295, 302 
Grain, Isle of, 126 
Grantchester, 270 

Gravel analysis, 25 ; Trains (Thames), 
132 

Gravesend, 114, 117 

Grays (Thurrock), 120, 122-124, 263, 269 
Graziosi, P., 180, 181, 296 
Great Auk, 195, 201 ; see Alca impennis 
Great Australian Bight, 242, 243 
Great Baltic moraine, 32 
Great Chalky Boulder-Clay Glaciation, 
104, 106-110, 114, 132; Eastern 

Glaciation, 103 ; Interglacial, 47, 52-54, 
72, 77, 114, 115, 127, 163, 251, 262, see 
Antepenultimate Interglacial ; West 
Road, 126, 266 

Greatest Glaciation (Switzerland), 41, 45, 

. 47 - 

Green, J. F. N., 118, 225, 239, 289, 300 
Greenland, 156, 158, 162 
Greenhithe, 263 
Griffon-vulture, 195 
Grimaldi, 177, 179, 181, 185, 201, 231 
Grimaidian sea-level, 231 
Gripp, K., 6, 9, 39, 45, 279, 282 
Groove, 223, 234 

Grotta dei Faneiulii, 181 ; deile Capre, 
177; Romanelli, 177, 178, 191, 196, 
203, 233 

Grotte de Florestan, 182 ; de TObserva- 
toire, 177, 178, 179, 181, 182, 201 dm 
Enfants, 181, 182 ; du Cavillon, 182 ; 
du Prince, 178, ISO, 181, 182, 231 
Ground-moraine, 2 


I 61, 286 

j Gschnitz, 42 
Guernsey, 145, 234 
Guiton, E. F*, 230 
Gulf Stream, 153 
Gully -undercuts, 22 9 
&ulo, 261; guh, 254, 255, 266, 268®; 

schlosseri, 261 
Gumbotil, 49, 50 
Gunnersbury, 124 

Gunz, 40, 41-46,4^; 51-53, 78, 80, 114 
Gutzwiiler, A., 44, 282 


Hackney Wick, 131, 134 
Hadhramaut, 210 
HaUe, 57-60 
Hailing, 133 ; stage, 134 
Ham, 126 

Hampstead Heath, 119 
Hampton, 125 
Hangest, 94 
Hann, J., 142, 293 
Hknson-Lowe, J., 225, 300 
I Harbor Hill, 50, 51, 53 
Hare, see Lepm europcetts, 198 
Harefieid Gravels, 118 
Hargreaves, R., 141, 142, 293 
Harmer, F, W., 101-104, 107, 108, 289- 
291 

Harrison, K., 110, 290 
Harrow, 116 

: Hartford, Connecticut, 50 
: Harwich, 269, 270 
Haughton, S, H., 241, 300 
Havel, 61 

Hawkes, C. F. C., 116, 123 ; L., 7, 13, 279 
Hazel, 67 
Head, 7, 230 

Heavy minerals in boulder-clays, 103 

Heck, H., 32, 282 

Hedgehog, 193 ; see Erinaeeus 

Hedge iSae, 131-134 

Hedon, 108 

Heidelberg, 68 

Heierii, J., 267, 302 

Heim, A., 45, 47, 170, 282, 295 

Helicella caperala, crayfordemia, 272 ; 

itala, 271 ; striata, 272 ; mrgata, 271 
Helicodonta obvoluta, 272 
Heliocentric length of perihelion, 140, 141 
Helix aspersa, hortensis, mrnorcdi8,pomMia, 
272 ; see Arianla, CocMiceUa, Helicella, 
HelioodonM, Hy^omia, Monacha, Vortex 
Heller, F., 72, 286 
.Hejffeyi- .122 ; 

Haming series, .35, 172 
Hwjm^ate, 117 , - n- 

Hesemann, J*, 33, 35', 282 
HLem, H.,- 160, 279, 293 - ' ’ 

Hess von Wlcbdorff, H-, 37, 282 
He«3le BkJulder-Olay, 103, 106 
Hicks, 125, 290 . - 
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Higher Floodplain Gravel (Thames), 126 ; 

Gravel Train (Thames), 117, 118 
Highlands of Scotland, 113 
High Terrace (Alps), 41-43, 45-48, 53 
High-water level, 228, 230 
' Hilingdon, 119, 

Hill-wash, 7 

Hinton, M. A. C,, 119, 120, 123, 124, 261, 
263, 274-277, 290, 302 
Hipparion, 215 

Hippopotamus^ 70. 71, 79, 90, 126, 180, 
181, 192-194, 199, 255, 258, 260^ 26H, 
263®, 204, 266 ; amphihiuSi xii ; gorgops, 
215 ; imagunculUf 215 ; major , 71 
Hogbom, B„ 6, 9, 279 
Hohler Stein, 268 
Holland, 238 
Holly bush Farm, 119 
Holmes, A,, 165, 171, 293, 295; T. V., 
290 

Holocene, xi 

Hmno, 253, 259 ; daivsoni, 175, 259 ; 
erectus, 175 ; heidelbergensis^ 70, 71, 
175, 259, 261 ; neanderthalenaisy 67, 
175, 198, 200, 265 ; pekimnsis, 175 ; 
aapi^m, 123, 133, 175, 181, 213, 264 
Hopwood, A. T., 199, 213-215, 256, 259, 
265, 266. 275, 276, 296, 298, 303 
Horizons, soil, 14, 15 
Hornbeam, see Carpinm 
Hornchurch, 120, 121, 135 
Horse, 69, 181, 193, 201, 202 ; see Eguus 
Hotting deposit, Austria, 163 
Hourdel, 94, 95 
Howchin, W„ 243, 300 
Hoxne, 108, 110 
Hudson Bay, 60 
Hue. En 237, 300 
Hug, J., 46, 47, 282 
Hughes, T. M. M’Kenny, 300 
Humic aeids, 16 
Hunuis, 14 

Hungarian Geological Survey, 75 
Himgary, 75, 76 

Hunstanton Boulder-CIav Glaciation, 106- 
110, as, 132 
Hunt, A. B., 239, 300 
Huntington, E., 163, 293 
Huxley, J. S., 7, 279 
Huzayyin. S, A., 208, 210, 297, 298 
Hy«na, 181, 255, 263; 274 ; 

armrnenais, 257, 258, 261, 274 ; hrem- 
rostrh\ 257, 259, 260®, 262 ; crocuia^ 
262, 274 ; c. spelcm, 194, 263, 265, 266, 
267, 274 ; hyoma, 260, 274 ; h* antiqua^ 
261 ; intermedia^ 260, 274 ; moahmh’- 
emis, 261 ; perrkri, 257, 258, 259, 274 ; 
priscoy 274 ; robmta, 257 ; spelcea, 
see H. crocuta spelma 
Hyde Park, 124 

Hydrobia radigttel% ventrosay 272 
Hydrogen ion concentration, 19 ; see 
pH-values 


Hygromia kispidUy lihertay revelatay strio- 
i latOy 272 

Hypolagus brachygnatlmSy 259 
Hystrix etruscUy 251 y 259 
■ Hyyppa, E., 157 

I Ibex, 181, 194, 195,. 201; see Capra ibex 
i Ice-age,' xi, 161 
Ice-fohn, 158 
Iceland, ly 13, 156 

lee-sheets, maximum accumulation in,' 
i 160 ; maximum volume, 160 ; melting 
! process of, 160 ; relative extension of, 
i 37, 38, 41, 54 
lee- wedges, 1^?, 13 
i He de Re, 232 
Ilford, 124, 126 
Iller, 41, 42, 47, 54 
Illinoian, 49, 50, 51, 53, 54, 244 
Illuvial horizon, 15 
Ilm, 56, 60-63, 264 
India (Pliocene), 275 . 

Inequalities of orbit, 136 ; see also Pertur- 
bations 

! Ingreboume, 126 
I Ingress Vale, 115, 263 
Inland dunes, 158 
Insel terrace (Rhine), 62 
Insolation weathering, 5 
Institute of Archseology, University of 
London, iii, iv 

i Interglacials, BO ; (duration) 41, 166, 

I 171 ; (North Germany) 32 
i Interlaken, 170 
! Interstadials, BO 

' Intra-Monastirian oscillation, 68, 69, 80, 
174, 251 

Iowan, 49, 51, 63, 54, 244 
Ipswich, 108, 109 

Ireland, 112, 113, 132, 135, 240, 249 
j Irish deer, 70 ; see Megaceros 
I Irish Sea, 239, 240 
t l3Q,i* 44 

I Issel, A., 231, 232, 233, 300 
I Isostatic adjustment, 165, 225 
I Italo -French Riviera, 179 
i Italy, iv ; (sea-levels) 231 
: Iver, 119 
I Ivy, 67 

j ■■ 

i Jackal, 194, 195 
Jackdaw, 196 

Jackson, J. W., 239, 268, 299 
Jagonia reticulata, 200 
Jakobi, A., 254, 303 
Jakovleff, S, A., 39, 40, 282 
Jaroslaviaii, 39 
Java, 170, 265 
Jeffreys, 232 
Jena, 57 

Jersey, 227, 230, 2Bi, 236, 246 
Jessen, K*, 33, 282 
Johnsbach, 61 
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I Johnson, D, W., 226, 227, 241, 300;' 
j J. P., 270, 303 

I Jones, Neville, 220, 297 ; O. T., 226, 300 
Jordan Valley, 200 
Jura Mountains, 266 
1 ^: 'Jutland., 35, 172,' 173 


I Kaiso Beds, 213., 

? Kalahari Sand, 221 
I , Kamasian, 212 

Kander phase, 46-48, 53 ■ 

Kansan, 49, 51, 63, 54, 244 
' , ■ -Kassner, ■ 153 . 

, Kay, a. F., 49, 282 
" Keilhack, K., 60, 286 
Keith, Sir Arthur, 296 
Kelley, Harper, iv, 81 
Keimard, A. S., 119, 120, 123, 124, 128, 
263, 264, 269, 270, 274, 290, 303 
Kensington Gardens, 124 
Kent, P. E., 211, 214, 298 
Kenya, 208, 210, 211, 212, 219, 220 
Kepler, J., 140 

Kerner-Marilaun, F. v., 162, 293 
Kessler, P., 6, 280 
Kesslerloeh, 267, 268 
Kew, 126 

Kharga Oasis, 20, 208, 209, 210 
Khartoum, 211 
Killamey, 145 

Kimck, J. R., 126, 133, 289 
Killwangen stage, 45, 46 
KimbaU, Day, iii, 47, 104, 269, 270, 278 
King, W. B. R., 115, 120, 123-125, 127, 
130, 131, 133, 263, 290 
Kingston Hill gravels, 119, 121 ; Leaf, 
119-121, 132 ; -upon-Thames, 121, 122 
Kirchseeon stage, 45 
Kirkaldy, J. F„ 290 
Kiginev, 64 

Klimaszewski, H., 39, 282 
Kiute, F., 162, 293 

Knauer, J., 39, 42, 44, 45, 47, 48, 172, 
282 283 

Knickpoint, 20, 96-98, 121 
Knopf, A., 165, 293 
Knopp, L., iv 
Knothe, H., 2, 5, 280 
Koken, E,, 69, 265, 267, 303 
Koppeiberg, 58 

Koppen, W., 13, 143-145, 147, 150, 152, 
155, 157, 161, 163, 164, 205, 280, 293, 
296, 298 
Korbisdorf, 264 
Kormos, T., 258 
Korn, H., 137, 293 
Kosen, 58 

Kozlowski, L., 86-90, 93, 285 
Kreichgauer, P. B,, 161 
, Krige,, A. V*, 24L 242, 243, 300 
Krpkos, W», 75, ^286 
^ Kvitingen, 154. 


Labrador, 255 

Ladri^re, M., 89, 286 

Lsetolil Beds, 214 

Laffan, 0. B., 126, 290 

Lagomys, 255 ; pumllus, 267, 268^ 

Lagoons, 182, 190 

Lagrange, J. L., 140, 142, 293 ; ^ 

Lake District, 9, 113 
Lambert, J. H., 142 
Lamothe, L. de, 81, 92, 93, 95-97, 231, 
233, 236, 286 

Lamplugh, a W., 112, 290 
Landsberg, 59 

Lankester, Sir Ray, 105, 200 
Laplace, P. B., 140 

Last Glaciation, 38, 39, 42, 48, 52-54, 63, 
64, 78, 79, 91, 92, 98, ill, 113, 130, 131, 
135, 168, 175, 181, 182, 185, 186, 191, 
193, 199, 201, 202, 206, 210, 249, 251, 
264, 266-269, 274, (low sea-level of) 
233, 237 ; Interglacial, 53, 78-80, 91, 
98, 112, 114, 135, 163, 172, 174, 175, 
* 202, 238, 244, 249, 250, 264, 265, 270, 
(soils) 17, 78, 79 
Late Glacial, 38 

Late Monastirian, 231, 233, 235, 239, 249, 
250, 252 ; see Monastirian 
Latitude, geographical, 147 
Latitudinal dSferences in radiation, 204 
Laufen, 42 

Laufia anglica, cylindracea, 270 
Lawson, H. S., 236, 300 
Lea, 114, 124, 126, 130, 131, 133 
Leach, A. L., 112, 120, 289, 290 
Leakey, L. S. B., 212, 213, 216, 219, 220, 
298 ; M., 263, 290 
Lech, 41, 42, 44, 47, 54 
Leda myalis Bed, 103-105 
Leeson, J. R,, 126, 290 
Leffingwell, K., 10, 280 
Leghorn, 182 

Leighton, M. M., 49, 50, 283 
Lehmann, R., 264 

Lemmings, 255, 265 ; see Lemmus, Dicro- 
stonyx 

Lemmm lemmus, 267 
Lengefeid, 264 
LeiA am Beds, 117 

Leptobos, 258, 262® ; elrmciis, 258®, 
259, 260® ; strozzii, 258 
Lepm, 260®, 265, 269®, see Oryctolagus ; 
etruscus, 257 ; europceus, 193, 268 ; 
timidus, 254, 255, 266, 267, 268^; 
vaMarnensis, 257 ; variaMlis, 266, see 
L. timidus 

L^ser white-fronted goose, 195 

Leverett, F„'49, 51,' 283 

Leverrier, V. J„ 140, 142-144, 293 

Pfowis, R. G;,. 140 

Liercourt, 94, 95 

Idmctx, 271 

Lime (tree), 67 

Lineages, 274, 277 p 
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Linsenberg, 66, 267 
Liustow, O. v.j 59, 286 
liion, 264 ; see Felis leo spel<m 
LitfmdomuB, 180, 188, 200, 229, 233 
Litorina transgression, 238 
Little Eastern Glaciation, 103, 108-110, 
112-114, 132 ; Oakley, 269 ; Thurrock, 
123, we Grays 
Lloyd, W., 239, 302 
Loamy soils, 15, 19 

Loess, 4, 7, 63-65, 73, 75, 79, 81, 230 ; 
atypique (Achenheim), 69 ; belt, 55 ; 
(Xorth America), 49-51 ; soils, 16 ; 
steppe, 158, 254, 255, 267 ; in Thames 
Basin, 127, 129, 130, 132 
Loire Inferieure, 237 
London, 64, 116, 117, 121, 122, 124-126, 
145, 249, 270; Clay (cliffs), 227 ; 
Museum, iii 
Longeau,' 94, 95' ... . 

Long (Somme), 94, 95 
'■ ■ Long Island, ■ 50 
Longpr4, 95, 96 
Longwell, O. K., 165, 293 
Low, A. E„ 9, 280 
Low Terraee (Alps), 41, 42, 47, 63 
Lowe, C. van Biet, 220-222, 298 
Lower Floodplain Terrace (Thames), 126, 
127, 132-134 ; Gravel Train (Thames), 
118 ; Loam (Swanscombe), weathering, 
123 ; Pleistocene, 175, 216, 25B ; 

Versilia, 182, 183, 185, see Yersilia 
Lozinski, W. v., 6, 280 
Lucerne, Lake, 170 
Luc-sur-Mer, 237 
Lusatia, 61, 63 
Lusitanian species, 238 
iMtra, 260, 262 ; lutra, 194, 269, 2652, 
267, 268 ; reevei, sivalemis, 259 
Luiraria rugoaa, 239 
Lydekker, R., 267, 303 
Lyell, G., 69 

Lymncea uuricularia, glabra, palustris, 
peregra, atagnali^, truncatula, 272 
Lynx, 196 ; issiodoremis, 257, 261® ; lynx, 
256, 265, 266, 268® ; pardina, 266 

Macacus, 258, 260 ; ausoniuB, 257 ; fiorm- 
tinus, 267, 259 ; pliocmnicvs, 263 
Machairodiis, 27, 71, 79, 91, 99, 175, 249, 
255, 257, 258, 259, 260, 261 ; crena^ 
tide ns, 258 ; cuUridens, 257, 258 ; 
latidem, 90, 260, 261 ; meganthereon, 

' 257 

McClintock, P„ 108, 290. 

McCown, T. P., 296 
Macinnes, D. G., 214, 298 ■, 

M ’Kenny Hughes, T. M., 239 
Macramhenia pataehonica, 246 
Madeira, 200 
Madsen, V., 31, 33, 283 
Magmatic evcles, 165 
Maidenhead, 114, 116-119, 122, 124 


; Main Coombe Rock, 127 , 128, 129, 130, 
; 132 ; Monastirian, 2 $ 1 ,.. 235, 238, , 239, 

249, 252, see Monastirian 
! Mainz, see Mayence; Basin, (loess fauna), 
i 267 

I Major C. J. Forsyth,. 257, 303 
Malakka, 240 ■ ■ 

I Maian, B. D., 220, 241, 298, 300 
I Malaya, 241 
I Malta, 195 

I Mammoth, 67-69, 88, 126, 202, 205, 237, 

I 254, 265, see Elephas primigenins 
I Marehetti, M., 183, 184, 296 
Mare Piccolo, 232 
j Marett, ..R.. R., iv 
! Mareuii, 94, 95 
I Marine cave deposits, 179 
, Markkieeberg, 264 
i Marmites, 235 "" 

Marmot, 69, 70, 181, 202, see Alamosa 
i marjyiota 

' Marmota hobac, 255, 266, 267 ; marmota, 

^ 255. 265, 266, 268, 269 

I Marston, A. T., 123, 290 
! Martes mattes, 198, 260, 265®, 266, 268 
5 Martin, E. A., 239, 300 
Massaciuccoli, Lago di, 182-185 
Mastodon, 215 ; arvernemis, 258, 259® ; 

horsoni, 258 
Masovian, 39 

Masurian Interstadial, 35, 37, 38 
Mattawa, Ontario, 50 
i Mauer, 68-72, 79, 105, 261, 215 
! Maufe, H. B., 220, 297 
J Mautort, 94 
; Mayenee, 61, 66 

Mechanical analysis, 5, 19, 88—85, 88, 128, 

1 129, 177, 178, 194 ; weathering, 5 

Mecklenburgian, 32 

Mediterranean area, 55, 176 ; coast-lines, 
227 

Medway, 126 
Meeeh, 142 

Megaceros, 133, 255, 263®, 266 ; belgrandi, 
260 ; fitchi, 260, 261 ; germaniciis, 265, 
267, 275 ; giganteus, 265, 267, 275 ; 
pUotarandoides, 275 ; verticornis, 79, 
259, 260, 261, 275 
Megaderma, watwat, 197 
Megahnyx jejfersmi, 246 
Megalovis latifrom, 258 
Megatherium cuvieri, 246 
Meles, 262 ; males, 265®, 268, 269 
Mentone, 177, 233 
Menzel, H., 37, 283 
Mercanton, 160 
Mercury (planet), 146 
Mesozoic loess,” 5 
Michko\itch, 143 

Microtus, 263, 27 6 ; agrestis, 267, 269 ; 
agrestoides, 263® ; atiglicus, 266 ; arva^ 
linus, 260 ; arvalis, 194, 266, 267, 268, 
269 ; ynachmtoni, 198 ; nivalimis, 260 ; 



NageMuh, 44 
1 Naish, T. E., 234, 301 
I N^aivasha, Lake, 211-213 
Nakuru Basin, 211, 212 
Naiedj, 7 

Natron, Lake (East Africa), 213 
Natnna Islands, 240 
Naumann, E., 57, 58, 286 
Naumburg, 57, 58 

Neanderthal Man, 201 ; see Homo neaTider- 
thalenais 

Nebraskan, 49, 51, 53, 54, 244 

Neckar, 68, 70 

Neeb, E., 66, 286 

Nehring, C. W. A., 267 

Neisse, Glatzer, 61, 63 ; Lusatian, 61 

NeTTiaturella runtoniana, 272 

Nemorrhosdiis fneneghinii, 258* 

Neomys hrowni^ 263 ; Jodiens, 268 ; new> 
ton% 260 
I Neowurm, 39 
1 Neptune, 142 
! Neritina, see Theodoxtis 
! Nettuno, 187, 188 
' Neumann, G. K* L., 61, 286 
I Neuwied, 62 

j New Jersey, 243 ; York, 50, 233, 243 
I Newer Drift, 106, 111-114, 132; Red 
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North. America, 48, 175, 228, 233, 243, 

, ./■ 246, ; ©©.WHS, 119' 

North France, 80, 238, 246, 249 ; climatic 
sequence, 98 ; coast, 234, 236 ; loess, 
64 ; marine shell faunas, 237 
North Riigen stage, 36 ; Sea, 159, 233 ; 
Sea Drift, 103^106, 132; Sea Drift 
Glaciation, 109, 110, 114,135 
Norwa3r, 154, 210 

Norwich, 101, 102 ; Brickearth, 102-104 ; 
Crag, 104, 106, 110, 249, 269 

Notch, 226, 228 
Niieach, 1., 267, 303 


Oak, 67, 184 ; Mixed Forest, 34, see Mixed 
Oak Forest 

Oakley, B. F., 115, 116, 120, 123-125, 
127, 130, 131, 133, 230, 239, 263, 290, 
301 

Obermaier, H., 200-202, 257, 297. 303 

Obliquity of ecliptic, 137, 138, 141, 147 

O’Brien, T. P., 213, 298 

Ocean troughs, sinking of, 164 

Oceanic climate, 64, 146 

Ocmebra edwardsi, 200 

Odell, N. E., 7, 279 

Oder, 61, 62 

O^dessa 145 

Older Deekenachotter, 43 ; Drift, 112, 
(Thames Basin) 117, 118, 122, (Wales) 
132 ; Loess, 65, 69, 71-75, 77, 79, 82-85, 
88, 249, (Jersey) 236 ; Red Crag, 104, 

106, no 

Oldoway, see Olduvai 
Olduvai, 213, 214 
Olha, 202 
Oikofen stage, 45 
Operculum Terrace, 241 
Orange Free State, 220 ; River, 241 
Orel Loess, 79 
Ormenalurm, 268 
Oryctolagus, 258 ; otruscus, 257 
Osborn, H. F., 259-261, 275, 276, 303 
Otis tarda, 194 ; tetrdx, 193 
Ottobeuren gravels, 44, 53 
Overbeck, F., 61, 287 
Overton- Water\'ilie, 270 
Ovihos, 26 P, 262 ; moschatua, 255, 256, 
264, 267, 268 
Ovia, 268 ; aamni, 260 
Ovm^a, 75 
Owen, B., 246 

Oxyckilus alliariuni, cellarium, drapar- 
naJdi, rogersi, 271 
Oyster Trench, 241 

Pacific Isles (wave-carved platforms), 227 
Paks, 75 

Paiseontological dating, I 
Falmoreas montiscaroU, 258 
Palestine, 195, 196, 199 
Palmer, L. S,, 239, 301 


Paludina diluiiana, see Viviparus dilu- 
vianus 

Paludina homon, 32, 33. 

Pamlico Terrace, 244 
Pampas Formation, 245, 246 
Pannonian. Sand,. 75' . ■ 

Pannonictis, 260 ; pilgrirai, 259 ; plio~ 
mmim, 259 ■ ■ ■ ■ >■ - . 

Paola, Lago dk 187, 190 
Pariser, 67, 68 
Paschinger, 152, 294 
Patagonia, 245 

Paterson, T, T., 10, 142, 280, 294 
Pays de Leon, 237 
Peat flora of Lower Versilia, 183ff. 
Pebble Gravel (Thames), 115, 117 
Pebbly Clay and Sand (Thames Basin), 
117 

Pecten poly morphias, 239 
Peckinculus, 184 
Pedology, 14 
Peking, 145 

Pelasgitis monachua, 194 
Pembrokeshire, 113 

Penck, A., 23, 30, 40-44, 47, 163, 166-168, 
170, 248, 265, 280, 283, 294, 295, 303 
Penck’s estimate of interglacials, 40 
Pengelly, W., 239, 301 
Penultimate Glaciation, 38, 40, 48, 53, 63, 
77, 79, 86, 91, 99, 135, 168, 175, 199, 
249, 261, 262, 264, 274, (first phase at 
Achenheim) 70 ; Interglacial, 53, 77, 
79, 99, 135, 174, 175, 249, 262, 263, 269 
Penzance, 239 

Peorian, 49, 50, 53, 244 ; loess, 49 
Feriglacial climate, 4, 65 ; river terraces, 
25 ; zone or area, 26, 65, 158 
Perihelion, 738-140 
Permo-Carboniferous glaciation, 161 
Perrier, 174, 175 
Perth (Western Australia), 243 
Perturbations, 136, 140, 142, 146, 161 ; 

see also Inequalities 
Peterborough Gravels, 270 
Peters, E., 76, 208, 286, 303 
Petersfeis, 76, 78, 268 
Petricola, 229 
Phasianella pulla, 239 
Philoatomys roachi, 198 
Phcenix (U.S.A,), 145 
Pholas, 184, 229 

pH-values, 19, 83, 84, 123, 128, 129 
Physa fontmalia, hypnorurn, 272 
Picard, E., 57, 58, 60, 286, 287, 288; 

L., 200, 297 
Picardy, 236, 237 
Picea, 184 ; excelsa, 34 
Picquigny, 94, 95 

Pilgrim, G. E., 174, 175, 274, 295, 303 ; 

L., 140, 142, 143, 147, 294 
Piitdown, 259, 276 
Pin Hole Cave, 135, 268 
Pinacle, Le, 235 
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■Dinehefallze,. . 94, ■, 

Pine, see Firms 
Pinna rudis, 239 

Pinus montana, mugo, 184 ; silvestris, 34, 
184, 205 

■■Pisa, 182'..'. ■^■. ' .. . 

Pisidium amnicum, astartoideSf cimreum, 
conmntus, henslowanmn, hibernieuyn, 
Ulljeborgif milium^ nioiiesserianum, niti- 
dum,. obtusalef personatumt ptilchellum, 
subtruncatimif supinunif te7imUfieatum, 
vincentianum, 273 
Pith ecanikropus^ 175 

Pitymys arvaloides, 260 ,* gregalis, 267 ; 

gregaloides^ 260 
Placentian, see Piaisancian 
Plaisancian, 187, 188 
Plafiorbis acronicus, alhus, carinatus, 
complanatuSf contortus, corneuSy crista, 
lamia, lemoato^na, planorbis, vortex, 
vorticulus, 273 

Platform, of marine abrasion, 226, 227 ; 

wave-carved, 227 
Plecotm auritus, 266, 267 
Pleistocene, xi ; duration, 170 ; sections, 
local character of, 1 ; stratigraphy, iii, 
28, 30 ; subdivisions, 175 
Pleurotoma turricula, 239 
Pliocene, gravels (Alps), 44 ; sea-levels, 
164 ; survivals, 255, 258, 261 
Piio -Pleistocene boundary, 174 
Pluvial phases, 157, 163, 199 ; Mediter- 
ranean, 205, 206 ; tropical, 208, 212, 
214, 215, 217 
Podsol, 15, 7& 

Pohlig, H., 275 
Poland, iv, 78 
Pole migration, 161 
Polish moraines, 39 
Pollen-analysis, 33, 184, 185 
Polygon soils, 7 
Pomatiaa elegans, 270 
Pomeranian phase, 32, 35-40, 42, 45, 48, 
52, 53, 73, 78, 79, 113, 114, 173 
Ponders End, 130-132, 134 
Pont Remy, 94, 95 
Pontier, G., 90, 259, 286, 303 
Pontine Marshes, 186, 187, 190, 191, 190, 
203 

Populua tremula, 34 

Porte du Bois, carriere de la, 89 

Portelet Bay, 236 

Porth Clais, 112 

Portland, 230, 237, 239 

Portsmouth, 239 

Portugal, 234, 239 

Posen belt, or phase, 32, 36, 37, 40, 53 
Poser, H., 9, 280 

Postglacial, xi, 41, 78, j duration, 170; 
phases, 38 

Pre-Alluvium Erosion Stage (Thames), 
130, 134 

Precession of equinoxes, 239, 140 


Precipitation, distribution with altitude, 

152 

Pre-Coombe Rock Erosion Stages 
(Thames), 127 
Pre-Elster cold phases, 77 
Pre-Elandrian regression, 246, 248, 249, 
251, 252 

Preglacial terraces (Thuringia), 56, 57 , 

62, 63, 79 “ 

Pre-Giinzian cold phases, 43, 46, 52, 53, 

63, 75, 99, 170, 174 
Premik, J., 39, 283 

** Pre-Wiinn ” cool phase, 08 
Prestwich, J., 239, 301 
Procamptoceras brivatense, 258^ 

Profile, soil, 14 

Proputorius nestit, oUvolmius, 257 
Paeudamnicola confma, 272 
Pseudopariser, 68 
Pseudopluvial, 205-207 
Psychod, 3, 5 

Puerto Deseado, 245 ; San Julian, 245 
Pulsation theory, 165 
Punctum pygmceum, 271 
Punta Alta, 245, 246 ; Galera, 145 
PupUla muacorum, 270 
Purpura hoamastoma, 184 
Putoriua eversjtianni, 267, 268 ; putorim,, 
266, 2672 

Pyramidula rupestris, 271 
Pyrrhocorax graculus, pyrrkocorax, 201 

Quaternary, xi 

Quercua nminmuti, aessilifiora, 67 
Quesnot, 95 

Rabbit, see Oryctolagus, 192-195 
Rabutz, 59, ^9 

Radiation, fluctuations in tropics, 215 ; 
latest oscillation. South Africa, 223 ; 
curves, 144, 146, 147, 148, 149, 167,. 
168, 204, 209, 215, 216, (Antarctica) 
223, (South Africa) 221 
Radioactive minerals, 170 
Rainham, 126 

Raised beaches, 225, 228, 230 ; see Shore- 
lines, ancient 

Ramsay, R. G. W., 195, 297 
Rancroy, Bois de, 95 
Eangifer, 79, 262, 269^, see^ Reindeer ; 
arcticua, 269 ; tarandus, 27, 67, 262, 
264, 266«, 267S 268h 269 
Raven, 195 

Ray, L. L., 50, 281 ; Society, iv 
Beading, 116, 122 
Recessional beach deposits, 230 
Reck, H., 213, 298 

Red Crag, 104, 105, 175 ; deer, 69, 70,, 
72, 87, ^88, 181, 193, 196, 201, 202, see* 
Cervus elapkua ; -earths, 18 ; fox, 193,. 
195, see Vulpes mdpes 
Refraetion (bringing light to poles), 138 
Regalia, E., 191, 297 
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•Begelation theory, 9 
Reindeer. 69, 70, 76, 88, 135, 178, 179, 181, 
^01, 202, 254, 259, 265 ; see Bangifer 
Relative chronology, 1 
Reid, Clement, 6, 104, 105, 125, 131, 239, 
259»-26i, 269, 280, 290, 301, 303 
Remhard, A. L., 40, 283 
Retardation, 160, 168, 171, 203 
Metinella nitidula, petronella, pura, radia- 
tula, 271 

Retreat, retardation of, 160 
Rhine, xii, 61-63, 66, 69, 70, 78, 81, 
238, 261 ; terraces, 47 
Rhinoceros, 265 ; see DicerorMnm, and 
Tichorkinua 

Ehinolaphus ferrumequinwn, 266 
Rhodesia, 220, 221 
Rhone glacier, 160 
Rhythmic revolutions, 165 
Bias-iagoon, 190 
Richards, H. G., 244, 301 
Richmond, 120-122, 124 ; Hill gravels, 
119, 121 

Bickmansworth, 117 
Riesengebirge, 6 

Rift Valley (Africa), 211, 213, 214 
Bio de Janeiro, 245 
Biparo Mochi, 182 

Biss, Alpine, 40, 41, 43-46, 48, 52, 53 ; 

see Antepenultimate Glaciation 
Eiaaoa proxima, 237 

River profiles and sea-level, 225 ; silt, 6 ; 

terraces (climatic), 20, 26, 56 
Riviera, Italo-French, 203, 231, 246 ; 

caves, climatic succession, 182 
Riviere, E. de, 179 
Rixdorf horizon, 32, 33, 38 
R.M. = Summer radiation minimum 
Robinson, G. W., 14, 280 
Roohers Rouges (Grimaldi), 179 
Rochester, 126 
Rodents at Mauer, 72 
Roe deer, 70, 181, 193, see Capreolm 
Rogers, A. W., 241, 301 
Roman sherds in stalagmite, 177 
Romanelli, see Grotta Romanelli 
Rome, J. L„ 186, 291 
Romsdaien, 154 
Ronkonkoma, 50, 51, 53 
Bouaux, Los, 235 
Rouen, 82 

Rouge Nez Point, 235 

Royal Anthropological Institute, iv 

Riiger, L., 71, 261, 286, 303 

Rudersdorf, 32, 33 

Rudolf, Lake, 213 

Ruhr, 61, 62 

Rupicaprarupicapra, 255, 265, 266, 268,269 
Riinton, 104, 107 ; see East and West 
Runton 

Russell, B., 146, 294 
Russian moraines, 39 
Rutten, L. M. R., 170, 295 


I Saal© (river), 52, 53, 58,^ 59, 61-63 ; 
fauna of area, 264 ; Glaciation, 32, 36, 
38, 56, 57, 62, 63, 75-77, 79, 110, 114, 
172, 173, 262 
Sabaudia, 187 
Sahara, 220 
Saiga tartarica, 255 
Saigneviile, 94 

Saint Acheui, 86, 87, 89, 94-96 ; Albans, 
Vale of, 116-118 ; Aubin-sur-Mer, 237 ; 
Clement's Church (Jersey), 234 ; Davids, 
112 ; Heiier, 230, 234 ; Jolinsbury, 
Vermont, 50, 51, 53 ; Paul's, London, 

■ 126;" Pierre-les-Elbeuf,. . 0 , 19, ^Sl-SS':; 

Prest, 175 ; Valery, 94 
Sainty, J. E., 260, 303 
Saldanha Bay, 242 
Salisbury, R. D., 49, 281 
Salix herbacea, 34 ; lapponum, 131 ; 
phylicifolia, 34 ; polaris, 37 ; reticulata, 
34 

Salomon, W., 6, 280 
Salpausselka stage, 40, 157 
Salpeterhiitte, 58 
Salzaoh, 41 

San Bias, Isidro, Jose, Pedro (Parana), 245 
Sanders, 23, 55 
Sandford, K. S., 112, 290, 291 
Sandomirian, 39 

Saner, B. R., 118, 120, 121, 291 

Sangamon, 49, 50, 53, 244 

Sangatte, 236 

Santa Cruz, 245 

Santander, 201 

Santis, 265 

Saunton, 239 

Sauramo, M., 37 

Saxicava, 229 

Saxony, 57, 60-62 

Sbranki, 76 

Scandinavia, frost-soils, 9 ; glaciation 
centre, 164 ; radiation curves, 168 
Scandinavian area of glaciation, 31 
Scelidotherium leptocephaHm, 246 
Schaffhausen, 61, 170, 267 ; phase, 45, 
47, 48, 52, 53, 76 
Schaub, S., 257, 258, 303 
Scherf, E., iv, 75, 287 
Schiefergebirge, Rhenish, 61, 62 
Schlieren phase, 45, 46 
Schmidle, W., 43, 283 
Schmidt, B. R., 69, 287 
Schmidtgen, O., 66, 67, 266, 267, 287 
Schostakowitsch, W. B., 6, 8, 280 
Schucht, F., 283 
Schulz, G., 24, 37, 281 
Schumacher, E., 69, 70 
Sohraplan, 59 
Schreuder, A., 259, 303 
Schwarz, E. H. L., 242, 243, 301 
Sohweizersbild, 170, 267, 268 
Sciurus, 258, 261 ; vulgaris, 260, 266, 268 ; 
wMtei, 260 
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Scotch pine, see Finns sUvestris 
Scotland, frost soils, 9 
Scottish Mountains, 154; Re-advance, 
113, 114, 132 
Screes, consolidated, 178 
Serivenor, J. B., 240, 241, 301 
Sea-cnrrents as cause of ice-age, ,162 
Sea-levels, 220 ; absolute age, 249, 250, 
252 ; alternation of high and low, 247 ; 
continuous depression, 248, 250 ; deter- 
mination of height, 226 ; eustatic drop, 
159 ; eustatic lowering calculated, 248 ; 
fluctuations of, 164, 225ff ; glacial 
phases, low, 191, 225, 237, 243, 248, 
251; interglacial high, 247-249; of 
LGlJa, 133, 134, 249, 252 ; mean, 228 
Seasons, distinction of, 143 ; origin of, 
136 ; varying length of, 146 
Secondary eflects of ice -sheets, 155ff, 203 
“ Secondary loess,’’ 70 
Sedgwick, A., 239, 301 
Begmentina nitida, 273 
Seine, 82 
Selsey Bill, 239 
Selzer, G., 10, 73, 280, 287 
Bemnopithecm arvernensis, 258 
Senegal, 180 
Sen^ze, 174, 257, 2o8 
Sesquioxides, 14, 15 
Shala, Lake (Abyssinia), 211, 212 
Shand, S. J., 242, 301 
Shannon (river), 113 ; W. G., 239, 301 
Sheringham, 107 

Sherlock, R, L., 4.16, 117, 121, 291 
Shoeburyness, 126 
Shore-lines, ancient, 225ff, 230 
Siberia, 255, 277 ; frozen soil, 8, 13 
Sicilian fauna, 231, 232 ; sea-level, 115, 
117, 175, 188, 231> 232, 234, 238, 246- 
248, 250-252 
Sicily, 231 

Bicista montana, 268 
Sidereal year, 146 
Sidestrand, 269 
Siegert, L., 57-61, 287 
Silesia, iv, 61, 62 
Silt grade, 4 
Simon, W. C., 9, 279 
Simpson, Sir George, 148, 152-165, 163^ 
205, 294 

Sinanthropus, 175 
Sinei, <r., 236, 301 

Singen phase, 45, 47, 48 ; see Stein-Singen 
phase 

Skarumhede series, 34, 38 
Skhul cave (Mt. Carmel), 198 
Slater, G„ 2, 280 
Slindon, 230 
Sludge, 7 

Smith, G. Elliot, 296; J., 200, 297 ; 
Reginald A., 129, 291 ; Worthington, 
G., 124, 291 

Sno^all, increased hear freezing point, 153 


'Snow-line, 148, 150-156, 159, 163-165 
Soci^te Jersiaise, iv 

Soergel, W., 4, 10, 12, 20, 25, 35, 42, 45. 

47, 56, 57, 60-63, 65, 67, 68 , 71-73, 77, 
. 143, 167, 168, 171-173, 25!, 261, 262, 
264, 265, 267, 275, 276, 280, 283, 287, 
295, 303, 304 

Sohnge, P. G., 220, 221, 298 
Soil chart of Europe, 17 
Soil' Science, Imperial Bureau of, 14, 279 
Soils, fossil, 17~i9 : chemical weathering, 
14 ; Recent, 14 

Solar climate, 136 ; constant, 136, 146, 
162, 163; radiation and glaciation, 
159; radiation, (changes of) ISOif, 
(effect on temperature) 145, 148, 149, 
151, (graphic presentation) 148, (mag- 
nitude of effects of fluctuations) 150, 
(received by hemispheres) 148 
Soich, J., 154, 294 

Solifluction, 6, 60, 76, 81, 130 ; deposits, 
230 ; gravels, 7 
Solger, F., 158, 294 

Solomon, J. B., 103-105, 107-110, 213, 291 
Soistices, 139 
Somerset, 239 

Somme, 23, 81, 84, 85, 87, 89, 92, 97, 114, 
115, 117, 135, 236, 249 ; benches and 
aggradation surfaces, 93-95 
Sorex, 263, 266 ; ammus, 265, 268® ; 
mimtlus, 268 ; runtonensis, 260, 261 ; 
savini, 260, 261 

South Africa, 220, 241, 243, 246 ; America, 
244 ; Australia, 243, 246 ; England 
(cdaet), 246 ; HiU (Jersey), 234 ; Russia, 
75, (loess) 64 

Southern Elephant, see Elephm meridian- 
alia; Uplands, 113 
Spain, 196, 200, 234 
Spermophile, Spermophilm, see Oitellus, 
69, 265 

Spezia, La, 182 

Bphcerium hulleni, corneum, ktcvslre, 
rivicola, solidum, 273 
Spitaler, R., 141, 219, 294, 298 
Spits (coastal), 226 
Spitsbergen, 5, 6, 8, 13, 156 
Bpondylus, 184 
Spree, 61 

Stalagmites, 176, 180 
Stark, P., 61, 287 
Staai, P. E., 191, 297 
Staufenberg gravels, 44, 53, 78 
Steck, T., 170, 295 
Stegodon, 215 

Stehlin, 258, 266, 267, 274, 302, 304 
Steinmann, H, C., 61, 62, 287 
Stein-Singen phase, 47^ 48, 76, 77 
Stephan’s Law, 156 
Stepney, 126 

Steppe climate, 16 ; lime, 213 ; loess, 5, 6 ; 
marmot, see Arctomys bobac ; warm- 
continental, 254, 255, see Chernozem 


320 ■ 


IKBEX 


Stevenage Gap, 116 
Stiffkev, 106 

Stockwell, J. N., 140, 142-144, 204 
Stoffersberg Nagelflnh, 44 
Stok©' .Kewingtoii, 124 
Stoller, 37 

Stoltenberg, H., 6, 280 
Stone-counts, 33, 35 ; -polygons, 8 ; -rings, 
6, 8 ; stripes, 8 
Stony Lake, Ontario, 50 
Stopes, C., 115, 263, 291 
Storm-beaches, 226, 230 
Stow, G. W., 241, 301 
Stowmarket, 108 
Strandfontein, 243 
Striped soliduction soil, 5, 8 
Strombtis, 181, 200 ; bubonim, 180, 188, 
192, 231, 232 ; -Fauna, 231, 232, 238, 
247, see Tyrrhenian fauna 
Strukturboden, 7 
Btuder, T., 267, 304 
■Stuttgart,' 72, ■ 145 ■ ■ 

Stutton, 270 

Subarctic forest, 254, ' 255 
Subatiantic phase, 78 
Submarine deposits, 226, 229 
Submerged rivers, 240, 241, 243 
Sub-tidal deposits, 229 
Succession of climatic phases, 62, 80 
Suc&inea arenaria, eUgans, oblonga, pfeif- 
feri, putris, 270 
Sudan, xii 
Sudbury, 265 
Sudeten, 6, 9, 12, 61 
Suffolk, 108-110 
Sula Loess, 79 
Sumatra, 240 

Summer radiation minima, 168; tem- 
perature, reduction of, 152 
Sunda Archipegalo, 246, 251 ; Sea, 240 
Sunderland Terrace, 244 
Sundgau gravels, 43 
Sunk Channels (Thames), 130, 134 
Sunspots, 137, 162 

Siis, 258, 260 ; acrofa, 67, 263®, 266®, 268, 
269® ; aniiqui, 265 ; s. prism, 261 ; 
strozzii,' 25B, 259 ; verrucosus, 258 
Suslik, see Citellus, 265 
Sussenbom, 71, 105, 262, 275 
Svartisen Peninsula, 154 
Swanscombe, 87, 114-116, 120, 122-124, 
127, 130 ; Committee, 291 ; Lower 
Gravel and Loam, 263, 269 ; Man, 123 ; 
Middle Gravel, 264, 269 
Switzerland, 45 
Sylt, 35, 172 
Szafer, W., 39, 283 

Tabun cave (Mt. Carmel), 197 
Taiga, 56, 255 

Talpa, 262 ; europcea, 260, 261, 268* 

Tana, Lake, 211, 212 

Tanganyika, 208, 210, 213 ; Lake, 213 


Tapirus arvernensis, 258 

Taplow, 114, ,122, 124; bench, 247; 

Terrace, 115, 124, 125, 127, 129, 132, 133 
Taranto, 232 
Taubach, 20 
Taw, 240 

Taxonomic species, 274, 277 
Tectonic terraces, 20 
Teddington, 117, 125 
Tegelen, 114, 257, 269 
Temperate Europe, relative chronology, 
98 ; forest, 254, 255, (in Last Glacia- 
tion) 64 

Temperature limits, frost soils, 12 
Temple Mills, 130, 131, 133.. 134 
Terminal moraines, 2 
Terra Bruna (Romanelli), 177, 193, 194, 
195, 196 

Terra Rossa, 17, 18, (Romanelli) 177, 
193, 194 

Tesch, P., 259, 304 
Thalassostatic terraces, 21 
Thalweg curve, 20ff 

Thames, xii, 23, 87, 92, 114, 132, 247 ; 
Basin, 114, 238 ; summary, 135 ; valley, 
79 ; valley Glaciation, 120, 121, 124, 
132 

Thatcher, 239 

Theba, see Monacha 

Tkeodoxm cantiamis, fiumatilis, 272 

Thiede, 267 

Thielles, Les, 234 

Thrush, 195 

Thuja occidentalis, 67, OS, 265 

Thun, Lake, 45, 170 

Thuringia, 56, 60, 62, 63, 65, 66, 80 ; 

Second Glacial Terrace, 264 
Thwaites, F. T., 165, 294 
Tichorhinus antiquitatis, 27, 67, 133, 175, 
262, 264®, 266®, 267®, 268®, 269, 277 
Tides, 228 

Tilbury Filling Stage, 130, 131, 132, 134 
Tiligui Loess, 79 
Till, 2 

Time-measures, 166 
Time -scales, relative, 166 
Tin ore, alluvial, 241 
Tindale, N. B., 242, 243, 301 
Tjaele^ 6, 8-10, 157, 255 
Toepfer, V., 57, 58, 60, 76, 77, 173, 264, 
268, 287, 295, 303, 304 
Toit, A. du, 242, 243, 301 
Tomlinson, M. E., 112, 291 
Tongiorgi, E., 183, 184, 189, 296, 297 
Topography and glaciation, 154 
Torquay, 239 
Tortoise, 67 
Toxodon sp., 246 
Trail, 7 
Transvaal, 220 
Trapa, 34 

Traveller’s Rest, 10 

Travertines, 20, 67, 68, 72, 176 ; see Tufa 
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I Trimingham, 260, 261 

I Trochocochlea ariiculata, turhinata^ 200 
i Trogontherium, 255, 258, 259, 260, 261 ; 
1 cuvieri, 71, 116, 259^, 260, 26P ; minus, 

I 259 

TroH, K., 23, 43, 46, 47, 48, 280, 283 
Tromsd, 164 

j Trophon truncatus, 239 

I Tropical Africa, 210, 219 

1 Tropics, chronology, 208 

I Trowse, near Norwich, 108 

Truncatellina britannica, 271 
Tuck’s Wood Farm, 101 
Tufa, 20, 26, 209 ; see Travertine 
Tundra, 55, 63, 254 ; climate, 13 ,* soil, 
14 

Twickenham, 126 

Tyrrhenian fauna, 185, 231, 232, see 
Strombus fauna; sea-level, 86, 115, 
124, 127, 231, 232, 234, 236, 238, 239, 
245, 246, 247, 249-262, 264 
Tylor, A., 123, 291 

TJdaj Loess, 79 
Uganda, 210-212, 219 
Ukraine, 75, 76, 78, 79 
Ulmus, 34 

Umfogrove, J. H, F., 164, 165, 240, 294, 
301 

Undercut, 226, 228 

Unio auricularia, caniianus, littoralis, 
margaritifera, pictorum, tumidus^ 273 
United States, 48 

Upper Chalky Boulder-Clay, 108, 109 ; 
Floodplain Terrace (Thames), 115, 125^ 
130, 132-135 ; Pleistocene, 175, 215, 
264 

Ural Mountains, 30 
Urstromtal, 59 

Urs'us, 260% 263® ; arctos, 72, 255, 262, 
264, 265, 266, 268®, 274 ; arvernensis, 
258, 260, 274 ; deningeri, 259, 260, 261, 
262, 274 ; etruscua, 257, 258, 259, 274 ; 
ferox, 260, 261 ; savini, 260 ; spelcem, 
181, 202, 255, 260, 261, 262, 263, 265% 
266®, 267, 269% 274 ; suessenbormmis, 
262, 274 

Urus, see Bos primigenius 
Ussher, W. A. E., 239, 302 

Vaal Biver, 220, 221, 222 
Val d’Axno, 175, 257 
Valladolid, 145 

Vallonia costata, excentrica, pulchella, 
tenuilabris, tenuilimbata, 271 
Valvata andreana, antiqua, cristata, macro- 
stoma, naticina, piscinalis, moodtoardi, 

^ 272 

Van Bhyn’s Dorp, 242 
I' Vardanians, L. A., 40, 283 
Varsovian, 39 

Varve-countings, 37, 50, 54, 168 
' .Varved clays, 137 
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Varying hare, see Lepm imiidus, 265 
Vaufrey, B., 191, 193, 199, 200, 297 
Vaultier, M., 234, 299 
Velfjord, 154 
Vereiut Corner, 235 
Vemeau, E., 179, 180, 297 
Versilia, 182, 186, 196, 203, 233, 238, 251 
Vertigo alpesiris, angustior, antirertigo, 
concinna, genesii, moulinsiana, pusilla^ 
pygmcea, suhstriata ,211 
Viareggio, 182 
Victoria Falls, 220 
Victoria Park, London, 126 
Vierke, M., 35, 36, 283 
Viilacariedo, 201 
Viilafranchian, 174, 175, 257 
Villeneuve, L. de, 180 
Visher, g. S., 163, 293 
Visser, D. J. L., 220, 221, 298 
Vitis mnifera, 183, 184 
Vitrea crystallina, 271 
Vitrina elongaia, major, pellucida, pyre- 
omica, 271 

Viviparm diluvianus, fasciatus, gihhus,. 

mmparus, 212 
Volcano Laziale, 187, 188 
Voles, 277 ; see Arvicola, Microtus, Mimo- 
mys 

Vortex lapicida, 272 
Vosges, 47, 61, 69, 70 
Vulpes, 260 ; alopecoides, 251 ; corsac, 
266 ; lagopus, 67, 254, 255, 265, 266% 
267, 268*, 269 ; megamastoides, 258 ; 
vimtorwn, 198 ; vulpes, 263, 265, 266, 
267, 268% 269® 

Wad cave (Mt. Carmel), 197 
Wadi-el-Mughara, 197 
Wagner, W„ 66, 67, 266, 287 
Wahnschaffe, F., 31, 33, 283 
Waimea (Hawaii), 145 
Wales, 112, 113, 132, 135, 240, 249 
WaUace, A, R., 141, 160, 294 
Wallertheim, 66, 67, 73, 78, 92, 266, 267 
Walnut, 67, 68, 265 ; see Juglans regia 
Wanstead, 126 

Ware, 116, 118, 119, 121, 122 
Warren, S. Hazeldine, 116, 123, 130, 131, 
133, 263, 269, 291, 304 
Warta-Wy^egda belt, 40 
Warthe phase, 32, 33, 36, 38, 39, 48, 
51-63, 59-61, 63, 66, 78, 79, 110, 113, 
114, 172, 173 
Wash, 113, 116 
Water-vole, see Arvicola, 11 
Watford, 116, 118, 122 
Wayland, E. L, 212, 213, 219, 298, 299 
Wave-cut bench, 226, 227, 229 
Weathering of loess, 65, 68, 74, 75, 82, 
'12S, 129 ; m Bwanscombe gravel, 123 ; 
as time-measure, 166 
Weber, 'O*, 59, 287 
Wegener, A., 143, 161-163, 293, 294 
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Weiehael stage, 32, 36, 38, 

53, 66, 78, 79, 107, 110, 114, 1/2, 173 
Weida, 59 

Weimar# 20# 67, 68 
Weiss, A., 265 
Weissenfels, 57, 58 
Weiseermel, W., 57-^60, 287, 288 
Weifcliofer, K, A., 257, 304 . 

Wenz, W., 69 ’ 

Wemert, P., 69, 70, 287, 288 
Werra, 62 

^ 'Wervecke, L* vaji, 33, 44, 6$, 69, 284 
Weser, 61-63, 73 

West France, 236, 238 ; Ham, l-(6 ; 

Knnton, 104, 260, 269 ; Wittering, 270 
Westminster, 126 
Westmorland, 113 
"Westphalia, 268 
Wettin, 264 

Weyboume Crag, 104, 106, 110, 132 
White, H, J, Om 239, 302 
Wicomico Terrace, 244 
Wicklow Mountains, 113 
Wiegner, G., 14, 280 
Wiener, 142 
Wiesbach, 67 

Wild boar, 70, 181, 195, see Sus scrofa 
“Wild cat, 195. see Felu cairn 
Wildkirchii, 266 
Wills, T. J"., 112, 291 
Wilmott, A. 5., 125, 131 
Wimbledon, 121, 122 
Wind-blown dust, 4, 5 
Windsor, 125 

Winter Hill Terrace, 119, 121, li-t- 
Winter temperature, increase of, 153 
■ Wisconsin, 49-51, , 53, , 54, 244 
Wissant, 236 

Woldstedt, F., 30, 31, 33, 37, 39, 41, 42, 
45, 49, 50, 51, 162, 284, 294 


Wolf 181, 1942 , see Canis lupus 
Wood, S. V., 6, 101, 102, 104, 108, 280, 
289, 291 
W^oodston, 270 

Woodward, H. B.. 102, 108, 120, 291, 292 
Wooldridge, S. W*, 116—122, 249, 291, 292 
Woolly rhinoceros, 67, 88, 202, 205, 266, 
see Tichorhinus antiquitatis 
Wraysbury, 125 

Wright, a. F., 49, 284 ; W. B., 30, 112, 
113, 284, 292 

Wundt, W., 152, 153, 155, 156, 160-162, 
218, 219, 294, 299 

Wiirm, 40-42, 44-45, 52, 53; phases 
(Alps), 45 ; Wurm 1 in Bavaria, 44 
Wiist, E., 59, 275, 277, 288, 304 

Yare valley, lOi. 107 , . , 

Yarmouth, 102, 104; Interglacial, 49, 
53, 244 

Year, constant length of, 137 
Yemen. 210 
Yew, 188 

York moraines, 113 
Young end-moraines, 42, 43 
Younger Deckenschotter, 43 ; Loess, 5, 
33, 57, 62, (55-75, 78, 79, 82-84, 88, 
249, 267, (Jersey) 236; Younger 
Loess i, 45, 266 ; Younger Loess 2, 267 

Zaborski, B., iv 
Zbyszewski, G., 234, 299, 302 
Zebrine horses, see Equus stenonis 
Zones of latitude (differences in radiation), 
147 

Zonitoidcs excavatus, nitidus, 271 
Zuffardi, P., 275, 304 
Zurich, Lake, 47 ; phase, 45, 46, 53 
Zwai, Lake (Abyssinia), 211, 212 
Zwatzen, 57 
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Vol. II, Part I. Poiychaeta. Nephthydidse to Syllidse. viii 
+ 232 -f 46 pp., 22 plates (xliii-1, Mi~-lxx). Folio. 1908. 

{ 251 -) 

For the Sixty-fifth Year, 1908. 

88. The British Desmidiacese. By W. and G. S. West. Vol. 
III. xvi + 274 + 62 pp., 31 platens (Ixv-xcv). 8vo. 1908. 
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89. The British Freshwater Rhizopoda and Heiiozoa. By 

the late James Cash, assisted by John Hopkinson. Vol. II. 
The Rhizopoda, Part II. xviii + 168 + 32 pp., 16 plates 
(xvii-xxxii), and frontispiece. 8vo. 1909. {12 

For the Sixty -sixth Yeor, 1909. 

90. The British Nndibranchiate Mollusca. By the late Joshua 

Aldeb and the late Albany Hancock. Part 8 (supplementary). 
Text by Sir Charles Eliot, yiii 4- 198 + IS PP-> B plates. 
Folio. '1910. {25 1-) 

For the Sixty-seventh Year, 1910. 

91. The British Marine Annelids. By W. C. McIntosh. 

Vol. II, Part 2. Polychaeta. Syllidae to Ariciid^. vii + 292 
(233-524) + 46 pp., 23 plates (li-lvi, Ixxi-lxxxyii) . Folio. 
1910. {251-) 

For the Sixty-eighth Year, 1911. 

92. The British Desmidiaceae. By W. and G. S. West, 

Voi. IV. xiv + 194 + 66 pp., 33 plates (xevi-cxxyiii) . Syo. 
1912. (26/-) 

93. The British Tunieata. By the late Joshua Albee and 

the late Albany Hancock. Edited by John Hopkinson. Vol. 
III. xii + 114 + 34 pp., 16 plates (li-lxyi), and frontispiece. 
8yo. 1912. (12/6) 

For the Sixty -ninth Year, 1^12. 

94. A Bibliography of the Tunieata. 3j John Hopkinson. 

xii + 288 pp. 8yo. 1913. {15/-) 

95. The British Parasitic Copepoda. By Thomas and Andrew 

Scott. Vol. I (Copepoda parasitic on Pishes, Part I). — ^Text. 
xii + 256 pp., 2 plates, 8yo. 1913. (^^h) 
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96. The British Parasitic Copepoda. By teoMA^and Andebw 
Scott. Vol. II (Copepoda parasitic on Fishes, Part II) . Plate. . 
xii + 144 pp., 72 plates. 8vo. 1913. 

For the Seventy-first Year, 191i. 

97 The British Marine Annelids. By W. 

m ni. p»rt., i.-T.rf. 

AiBBioebLaridaB. viii + 368 pp. Folo. 191o. i 

Wot the Seventy-second Year, 

The British Freshwater Rhizopoda and HeHozoa. B} 
jSJcas?Sg H. W..nBS. assMed by 
Vol III. The Rhizopoda, Part III. By G. il. 
xxiv 4- 166 + 52 pp., 25 plates (xxxiii-lvii), and frontispiece 

8vo. 1915. ^ ' 

99. The Principles of Plant-Teratology. By W. C. 

deli,. Vol. I. xxix + 270 + 50 pp.. 25 plates. 8vo. 1915.^^ 

For the Seventy 4Mfd Year, 

100. The British Marine Annelids By W C McIntosh. 
Vol III. Part 11.— Plates, viii + 48 pp., 24 plates. 

1915. 

101 . The Principles of Plant-Teratology By W. C. Woesmll. 
Vol. II. xvi -f 296 + 56 pp., 28 plates (xxvi-lm). 8vo. mb. 

For the Seventy-fourth Year, 1917. 

102. The British Charophyta. By Jambs Geoves and Cmon 
Geoege Russell Bullock-Webstee Vol. I. 

Introduction, xiv + 142 + 40 pp., 20 plates. . , 

For the Seventy-fifth Year, 

103 The British Freshwater Rhizopoda and Heliozoa, B} 

James Cash and G. H. Wailbs, Msisted by Jora 
Vol. IV. Supplement to the Rhizopoda by G- K Wa^es 
and Bibliography by John Hoekinson. xii + 130 + 12 PP-, 
6 plates (Iviii-lxiii). 8vo. 1919. / > 

104 The British Freshwater Rhizopoda and HeUozoa. Vol. V. 
Heliozoa. By G. H. Wailbs. x + 72 + 24 pp., H plates 

. (Mv-lxxiv). 8to» 1921, ^ J 


FORTHCOMING MONOGRAPHS. 


5 


For the Seventy-sixth Year, 1919. 

105. A Monograph, of the British Orthoptera. By W. J. Lucas. 

xii + 264.+ 52 pp., 26 plates. 8vo. 1920. (25/-)*^' 

For the Seventy-seventh Year, 1920. 

106. The British Marine xAnnelids. By W. C. McIntosh. 

Vol. IV. Part I. Polychasta. Hermellidae to Sabellidse. viii 
-|~ 250 pp., 15 plates. Polio. 1922. {50 j-) 

For the Seventy -eighth 1921. 

107. The British Marine Annelids. By W. C. McIntosh. Vol. 

IV. Part II. Polychseta. Sahellidse to Serpnlid^ and addi- 
tional species. With an Index to the whole work, xii + 289 
pp., 14 plates. Polio. 1923. (50 j-) 

For the Seventy -ninth Year, 1922. 

108. The British Desmidiacese. By W. and G. S. West. 
Vol. V, By Nellie Carter. With an Index to the whole 
work, xxi + 300 + 78 pp., 39 plates (cxxix-clxvii). 8vo. 

1923. (3716)^ 

For the EigMieth Year, 1923. 

109. The British Gharophyta. By James Groves and Canon 

G. R. Bullock-Webster, Vol. II, Charese, mth concluding 

articles and Index, xii + 129 pp., 25 plates (xxLxlv). 8vo. 

1924. (25/-) 

For the Eighty-first Year, 1924. 

110. The British Hydracarina. By C. D. Soar and W. 

Williamson. VoL I. x -i- 216 -j- 40 pp., 20 plates. 8vo. 

1925. {37j6) 

For the Eighty-second Year, 1925. 

111. Wilhelm Hofmeister : The Work and Life of a Nineteenth 

Century Botanist. By K. von Goebel. Translated by H. M. 
Bower and edited by P. 0. Bower, xi + 202 pp. Portrait 
and two facsimile letters. 8vo. 1926. (1216) 

For the Eighty-third Year, 1926. 

112. The British Hydracarina. By C. D. Soar and W. 

Williamson. Vol. II. viii + 215 + 40 pp., 20 plates (xxi-xl). 
8vo. 1927. 
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For the Eighty-fcmrth Year, ld27 . 

113. The British Sea Anemones. B}' T. , A. STEeHEHSOj. 
Yol I xiv 148 4* 28 pp., 11 coloured and 3 black and white 

plates’. Wo. ' 1928. 

For the Eighty-fifth Year, ld2S. 

114. Further Correspondence of John Bay. By B. W.^ T. 
Gxjnthee. xxiv + PP* Bortrait and two plates, hvo. 
1928. 

115. The British Hydracarina. By C. D. Soae and W. 
Willi 4.MSOX. Yol. Ill, vih + 184 4- 40 pp., 20 plates (xli-lx). 
8w). 1929. 

For the Eighty-sixth Year, 1929. 

116. The Planktonic Diatoms of Morthern Seas. By Maeie 

V. Leboitr. ix 4 - 244 + 8 pp., 4 plates. 8vo. 1930. (i,«-/o) 

For the Eighty-seventh Year, 1930. 

117. The Aquatic (Naiad) Stage of the British Dragonflies. 
By W. J. Lucas, xii + 132 + 70 pp., 35 plates. 8vo. 1930 

(25/-) 

For the Eighty-eighth Fear, 1931. 

118. The British Freshwater Gopepoda. By B. Gurney. 
Yol. T. Hi 4- 238 pp. 8 yo. 1931. 


For the Eighty-ninth Year, 1932. 

119. The British Freshwater Gopepoda. By B. Gurney. 
Yol. II. ix 4 336 pp. Svo. 1932. 

For the Ffinetieth Year, 19$Z. 

120, The British Freshwater Gopepoda. By R. Gurney. 

Yol. III. xxix 4- 384 pp. 8vo. 1933. {S7l6) 


For the Ninety-first Year, 19^4:. 

121. The British Sea;- Anemones By T. A. Stephenson. 
Yol. II. xii -1- 426 4- 38 pp., 8 coloured and 11 black and white 
plates. 8vo. 1935.''- .. (57/d) 


For the Ninety-second Year, 1935. 

122 A Monoc^raph of the British Neiiroptera. By F. J. 
Killinoton.’ Yol,' I. . xix 4- 269 + 30 pp., 4 coloured and 11 
black and white plates. 8vo. 1936. (‘-'5/-) 
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For the Ninety-third Year, 1936. 

123. A 'Monograph of the British Nenroptera. Bv F. J. 

Killinoton. VoL II. xii + 306 + 32 pp., 4 coloured and 11 
black and white plates. 8vo. 1937. . (2d/-) 

For the Ninety-fourth Year, \^W1 . 

124. The “ Critica Botanioa ” of Linnaeus. Translated by the 

late Sir Arthue Hobt, Bt., M.A. Revised by Miss M. L. Green, 
B.A., F.L.S.: xxvii -h 239 pp. 8vo. 1938. ■ {12 j6) 

125. Bibliography of the Larvae of Decapod Crustacea. 

Robert Gurney, ALA., D.Sc., F.L.vS. viii + 123 pp. 8vo. 
1939., ' {12 j6) 

For the Ninety -fifth Year, 1938. 

126. The Comity of Spiders. VoL I. By William Sybr 

Bristowe, M.A., Sc.D.(Camb,), F.Z.S. x + 228 + 40 pp., 
19 plates. 8vo. 1939. (25/-) 

For the Ninety -sixth Year, 1939. 

127. The British Water Beetles. Vol. I. B}^ F. Balfour- 

Browne. XX “{" 375 + 12 pp., 5 plates. 8vo. 1940. (25/-) 

For the Ninety -seventh Year, 1940. 

128. The Comity of Spiders. Vol. II. By William Syer 

Bristow^e, M.A., Sc.D.(Camb.), F.Z.S. xiv + 332 + 8 pp., 
3 plates. 8vo. 1941. (25/-) 

For the Ninety -eighth Year, 1941. 

129. Larvae of Decapod CriLstacea. B^^ Robert Gurney, M,A., 
D.Sc., F.L.8. viii + 306 + 7 pp., 122 figs. 8vo. 1942. (25/-) 


For the Ninety-ninth awl One Hundredth Years, 1042 and 1943. 

130. The Pleistocene Period: Its Climate, Chronology and 
Faunal Successions. By Frederick E. Zeuneb, D.Sc., F.Z.S., 
F.G.S. xii + 322 -f- 7 pp., 76 figs. 8vo. 1945. (42/-) 
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The British Water Beetles. Vol. II. By F. Balfour- 
Browne. 


Mude and printed in Great Britain by 
Adlard d: Son^ Ltd., 

at their works, Bartholomew Press, Dorking. 


